Per 



WORLD INTiuECTUAL PROPERTY ORGANIZATION 
Intemauonal Bureau 




(SI) lotemab'onal Pow « 1 ^ y (kcI) 



(51) International Patent aassification 5 
A61K 48/00, C12N 15/12, 15/52 



Al 



(n)Inteniational Publication Number: 
(43) International Publication Date: 



(21) Interaational Application Number: PCT/US90/01515 

(22) International Rling Date: 21 Mareh 1990 (21.03.90) 

(30) Priority data: 

326,305 
467,881 



21 March 1989(21.03.89) 
19 January 1990(19.01.90) 



(71)Appli^ts: yiCAL, INC [US/US]; 9373 Towne Center 

Walnut Street, Madison. WI 53705 (US) 
r2) Inventors: FELGNER, Philip, L ; 5412 Las Palomas Ran 

RSS^'^r'*^ ".'i'^ WI 53705 (US) 

rhi^lf A^^^- *^^.LONE, Robert. Wallace ; 303 E. 
Chicago Avenue, Chicago. IL 60611 (US). CARSON 

SoM (US). = O*^"" Del M^' CA 



WO 90/11092 1 

4 October 1990(04.10.90) j 



(74) Agents: SIMPSON, Andrew. H et al • Knohk. - 

Olson and Bear. 620 NewjloS' Sntr Drive 6thS* ' 
Newport Beach, CA 92660(US). 

+°p«nrc^'"r^S"?SP'^ P^''^"'^' (Euro- 1 

SSSoSfni^p^" (European patent). DE Euro- 
ten^ R ™ ^ (European patent). ES (European pa- 1 
i^^ rt ' ™ (E^rapean Patent). GB (European patent) 
IT (European patent , JP, LU (European patent) NL ' 
(European patent). NO. SE (EuropeaApatem) SU. 

Published 

W7fA international search report 
B^ore the expiration of the time limit for amendine the 



(54)r.tle: EXPRESSION OF EXOGENOUS POLYNUCLEOTIDE SEQUENCES 
(57) Abstract 



IN A VERTEBRATE 



du^on^TroilrSS^^^ 
and exerts a therapeutic effect on the vertebrate. iSemSlSl^^SStad^&^r'*' " ''^ '^'^ «^'^«' 

vertebrate, to provide an immune response upon Invh^^^anL^^-t V f .?'"Pf Po'ypeptide to the cells of the 
deliver receptors to the cells of the vSebrat^r to7~SfSto^^^^^^^^^ to deliver antisense polynucleotides, to 



DESIGNATIONS OF "OE" 



Unta further notice, any designation of "DE" in any international application 
whose international filing date is prior to October 3, 1990, shall have effect in the 
emtory of the Federal Republic of Germany with the exception of the territory of the 
fomner Qenman Derrwcratic Repubfic. 



f Off WE PURPOSES OF iNFORMAllON ONLY 
appUcaSifSntotS'pcr*^ States party to the PCT on the fiont pages of pamphlets publishing intemational 



Auitrii 



BuitinRa» 



AT 
AU 
B8 
BE 
BF 
BG 
Bf 

BR Bad 
CA Cuada 

CF Centn] Afiicu Repubfic 
GG GoaiD 
CH Svkzerlud 

OA CuDCfOOB 

DE OenBaDy.FedcnlRepubfeor 
DK Denmad 



IS 




MG 


Madagascar 


n 


Rnkod 


ML 


Mafi 


FS 


Rbocc 


MR 


Mauritania 


GA 


Gaboo 


MW 


Mahwi 


(3 


United KiifdaxD 


NL 


Netberianda 
Notway 


HU 


Hunpiy 


NO 


rr 


Ital/ 


R0 


Rooanta 


jp 




SD 


Sudan 


KP 


DoDooatic Peoplen Repub& 


SE 


Sweden 


KR 


ofKoKi 


£N 


Senegal 


Repubfic of Korea 


au 


Soviet Unkm 


u 


LjedtteoflBB 


TO 


Chad 


u 


Sri Lanka 


TG 


Togo 


Ul 




US 


UniEBd Stats 


MC 


Monaco 





wo 90/1 1092 

PCr/US90/01515 



10 



15 



EXPRESSION OF EXOGENOUS POLYNUCLEOTIDE 
SEQUENCES IN A VERTEBRATE 

BACKGRQTT^p QF jyT VEWTX9 |J 

DNA Tn^pr* *° introduction of «.ea 

DBA and KNA sequences into a vertebrate to achieve 
controlled egression of a polypeptide. it i. ^tulZ 

T' ^r"""'"' «>T«P«utic Situation in 

Which a polypeptide should be administered to cells ,n «vo 

curr«,t research in gen. therapy has focused on 
pen.«,«jf. cures, in which DKA is integrated into the 
9.no.. of the patient. Viral vector, are presently the 

""^ transforming the patiJt-s c"is 

»d ^troduc.™, DHA into the genome. In an ^ 
Viral vectors, carrying new genetic information, are used t; 
infect target cell, removed from the body, and these cells 

^strr, "V"^^*"*"'- ^« Sene transfer into 

postnatal animals has be«, reported for formulation, of DHA 
.ncpsulated in lipo.o.e. .„d OHA entrapped^ 
prot.olipo.omes containing viral envelope receptor protein, 
^^^"'v "-^-^ n,, 30:1068-1;^ 

It A w (»e9), Mannino 

al., BlaSsiauiiSDMa 6:682-690 (1988). Positive result. 
25 have also b,en deecribed with calcium phosphate c^ 
precipitated DNA (Benvenisty and Reshef JresJatlAcad sd 
ES4 83:9551-9555 (1986)). ' ' " ^' ^ 

th. «PPlic.tion Of gene therapy, well as 

the rt^llization of recombinant retrovirus vectors, has be«, 
<lelay«i because of safety considerations. Integration of 
«og«»».. DKA i«:o the genome of a cell can cause DHA 
duage and possible g«,tic changes in the recipient cell 
ttat could predispose to malignancy. A method which avoids 
th«, potential probl«B would be of .ignificwrt b«,.fit in 
»a*lng gens therapy nfe and effective. 

Vaccinati n with immunogenic pr teine has eliminated 
r reduced the incidenc of many diseases; how v«: ther 
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are major difficulties in usina «^ ^. • 

tein „ti,ene intriLtlx " iZTcTer ^ 

Often, they „ot e«.ctiv vaccines 1«1 " 

»<umer In which the i»,mn. system operates. 



of the 



The iMmne systen of vertebrates coiaists . 
Interacting components. The best / 
l-Portant part, are the hu,oraT J^^Xr "'.vTr 
branches. HUBoral lenity involves Z^^, C^^nic) 

10 Which are secret«l i«» J ^ ^ZJ^^1T[ ^"^"^ 
recnu. an «.ti,«.. The ^m^'^X iL r"'' 
relies on special cells which reco^r^e^ak. ""I' 
cells Which are producing foreign antigens. ^s 
functional division reflects two diff.Z-* . ° 

« l»,»n. d.f«„.. Hu^ral i^X i. "iM '^t °' 
"tigens which are exogenous to thl . 
cellular syste. respo Js T a^i,?^ 

synthe.iz«, Within the a„i«i. ^ •'^^^'l' 
Antibody molecailes, the effectoi-a k 
- «. secreted by special B '/^^ Ll l^B ce^'T 
response to antigen. Antibodies can bl«d ! f ' 

cells Of the iannme system to destroy the antigen, 
cellular immune recognition is mediated hv « 

C0«i».uy degraded to peptide, as p.^^ no:^i ^lult 
^tabolis.. These frag^nts are bound to the hhc 

protein. Tr^uo in T "us i^le'J^' ' 
eliminate any c 11. pro^cdr ^^e^ " 
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vaccination ie th process of praparin, an ani»al to 
respond to an anti,«,. vaccination is more complex than 
i».une reco^iti „ ana involv s not niy b cells ^ 
cytotoxxc T cells but oth r types , lymphoid cells as 
well. During vaccination, cells which recognize the 
antigen ,b cells or cytotoxic T cells) are clonally 
e=^a„d.d. in addition, the population of ancillary cells 
(helper T cells, specific for the antigen also increase. 

I^ns lhi°I "tigen presenting 

eells which can process the «,tig«, and display it in I 
form which can stimulate one of the two pathways. 

Vaccination has changed little since the time of Louis 
Pasteur. A foreign M,tigen is introduced into an animal 
Where it activate, specific B cells by binding to surface 
immunoglobulins. It is also taken up by antigen processing 
cells. Wherein it is d.grad«., and appears in fragments on 
the s„f.c. of these cells bound to class ii wc molecules. 
Psptide. bound to cl«s ii molecules are capable of 
stimulating the helper class of T cells. Both helper T 
cells and activated B cells are required to produce active 
humoral immunisation. c.llul«: immunity is thought to b 
stimulated by a similar but poorly understood mechanism. 

Thus two different and distinct pathways of antigen 
processing produce exogenous antigens bound to class II Mac 
molecules wh«r. they can stimulate T helper cells, as well 
as endog«,ou. proteins degraded «,d bound to class i mc 
Bolecules mi recognis*! by the cytotoxic class of T cells. 

^' " i» the distribution 

6f MBC molecules. Essentially all nucleated cell, express 

restricted to seme few types of lymphoid cells. 

Normal vaccination schemu will always produce a 
humoral immune response. They may also provide cytotoxic 
immunity. The humoral system pr t cts a vaccinat d 
individual from subsequ nt challenge from a pathogen and 
can pr v«it th spread of an intracellular infection if the 
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pathogen goes through an extracellular phase during its 
lif cycle; however, it can do relatively little to 
eliminate intrac llular pathogens. Cytotoxic immunity 
complements the humoral system by eliminating the infected 
5 cells. Thus effective vaccination should activate both 
types of iamvmity. 

A cytotoxic T cell response is necessary to remove 
intracellular pathogens such as viruses as well as 
malignant cells. it has proven difficult to present an 
exogenously administered antigen in adequate concentrations 
in conjunction with Class I molecules to assure an adequat 
response. This has severely hindered the development of 
vaccines against tumor-specific antigens (e.g., on breast or 
colon cancer cells), and against weakly immunogenic viral 
proteins (e.g., HIV, Herpes, non-A, non-B hepatitis, CMV and 
EBV) . 

It would be desirable to provide a cellular immun 
response alone in immunizing against agents such as viruses 
for Which antibodies have been shown to enhance 
20 infectivity. it would also be useful to provide such a 
response against both chronic and latent viral infections 
and against malignant cells. 

The use of synthetic peptide vaccines does not solv 
these problems because either the peptides do not readily 
associate with histocompatibility molecules, have a short 
serum half-life, are rapidly proteolyzed, or do not 
specifically localize to antigen-presenting monocytes and 
macrophages. At best, all exogenously administered 
antigens must compete with the universe of self-proteins 
for binding to antigen-presenting macrophages. 

Major efforts have been mounted to elicit immune 
responses to poorly Immunogenic viral proteins from th 
herpes viruses, non-A, non-B hepatitis, HIV, and the li)ce. 
These pathogens are difficult and hazardous to propagate in 
35 vitro. AS menti n d abov , synthetic peptide vaccines 
corresponding t viral-encoded proteins have been made, but 
have s ver pitfalls. Attempts have also been made to use 
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vaccinia virus vectors to express proteins f r m other 
vxruses. However, the results have b en disapp inting 
since (a) recombinant vaccinia viruses nay b rapidly 
eliminated fron th circulation in already immune 
individuals, and (b) the administration of complex viral 
antigens may induce a phenomenon known as -antigenic 
competition," in which weakly immunogenic portions of the 
virus fail to elicit an immune response because they are 
out-competed by other more potent regions of the 
administered antigen. 

Another major problem with protein or peptide vaccines 
is anaphylactic reaction which can occur when injections of 
antigen are repeated in efforts to produce a potent immune 
response. m this phenomenon, igE antibodies formed in 
response to the antigen cause severe and sometimes fatal 
allergic reactions. 

Accordingly, there is a need for a method for invoking 
a safe and effective immune response to this type of 
protein or polypeptide. Moreover, there is a great need 
for a method that will associate these antigens with Class 
I histocompatibility antigens on the cell surface to elicit 
a cytotoxic T cell response, avoid anaphylaxis and 
proteolysis of the material in the serum, and facilitat 
localization of the material to monocytes and macrophages. 

A large number of disease states can benefit from the 
administration of therapeutic peptides. such peptides 
include lymphokines, such as interleukin-2 , tumor necrosis 
factor, and the interferons; growth factors, such as nerve 
growth factor, epidermal growth factor, and human growth 
hormone; tissue plasminogen activator; factor VliisC; 
granulocyte-macrophage colony-stimulating factor' 
erythropoietin; insulin; calcitonin; thymidine kinase; and 
the like. Moreover, selective delivery of toxic peptides 
(such as ricin, diphtheria toxin, or cobra venom factor) t 
diseased or neoplastic cells can have maj r therapeutic 
benefits. Current peptide delivery systems suffer from 
significant problems, including th inability to 
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effectively inc rp rat functi nal cell surface receptors 
ont c 11 membranes, and the necessity of systeaically 
administering large quantities f the peptide (with 
resultant undesirable systemic side effects) in order to 
deliver a therapeutic amount of the peptide into or onto 
the target cell. 

These above-described problems associated with gene 
therapy, immuni2ation, and delivery of therapeutic peptides 
to cells are addressed by the present invention. 

DESCRTPTTOT^ np TOB n^ftyiT|^/?^ 

Figure i comprises autoradiograas of chromatographic 
studies Showing the expression of the a.T gene Z.sl 
muscle • 

Figure 2 comprises photomicrographs of muscle tissue 
stained for beta-galactosidase activity following injection 
with the pRSVLac-Z DNA vector. JecT:ion 

Figure 3 presents data for luciferase activity in muscle 

following the injection of ^gLucBgA„ into muscle. 

Figure 4 presents an autoradiograa of a Southern blot after 

analysis of extracts from pRSVL-injected muscle 

Figure 5 comprises graphs showing antibody production in 

peptide °' ' ^ imunogenic 

Figure 6 comprises graphs showing antibody production in 

mice following the injection of mouse cells transfected 

with a gene for an immunogenic peptide. 

SUMMARY Tpy^tjj^ 

The present invention provides a method for delivering 
a pharmaceutical or immunogenic polypeptide to the interior 
Of a cell Of a vertebrate i„ vivo, comprising the step of 
introducing a preparation comprising a pharmaceutically 
acceptable injectable carrier and a naked polynucleotide 
operatively coding for the polypeptide into the interstitial 
space of a tissue comprising the cell, whereby the naked 
polynucleotide is taken up int the interi r f the cell and 
has an inmunog nic r pharmacological effect on the 
vertebrate. aIs provided is a method for introducing a 
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P lynucleotlde into muscle cells „4 

steps Of providing a c l^tJj -»Prising the 

f xuxng a c nposition comprisino » ^ 

polynucleotide «iy eod. for « *"«>»tlv,ly, th 

«pre.se<. by t.e Lot ^ T""' 

for « i™„o,«,io peptide thet 1. exp^^I^'^L 

cell, after t.e contacting .tep ^^'Trl^ le^.Z"]: 

i»»»e response, thereby i™„Ui„, the vertebrate 

Polyp^Tide to ' **^»l»*»"o„ Of a 

^ ? ' vertebrate, comprising the steo of 

-u. «««« ^ ^^u. „ 

such as muscle cells. eexAs, 
Another .ethod accordin, to th. i„»«,tlon 1. . .etho^ 

« for Obtaining tnmsitory expression of a poI™^id. 

vert«.r.t., comprisin, the step of introduc^TCi H 
sequence op.ratively oodino for th. , 
lnte„titi.lly into tissue of thl .l«I^rii: 
Of the tissue produce the polypentlde , 

30 20 days, usually less than^^'^.*' J" T 

^ 3 or s days. por »ny of ^'^^^.'Z 
invention ad-inistration into solid tissue is prlfer^ 

t,- Of t*« invention is a method 'for 

treatment of muscular dystrophy, comprising th. ^ ' 
35 introducing . th.r.p.«tic amount of a c moo!!t, 

:ysrphi"n' i" ' -"^ 

dystrophin in a pharmaceutically ace ptabl injectable 
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carrier in vivo into muscle tissue «^ • , 

tissue or an animal s«-p*» — 

taken up i„t the celle and dystrophin is produced i„ viv! 
Pref rably, the polynucleotide U a n.^ pol^utielii:: 

5 and the composition is Introduced interstitiaur^t" ^he 
muscle tissue. ■•■iJ-iy into the 

proaul' A^at of Phar^ceutical 
t#toaucts ror all of the uses contemplated in ^-k^ 

descrihed herein. For example, th^e 's , 

cTdir;' jrrM'i "r 

cooing for a biologically active polvoeotld. < 
Physiologically acceptable adainistrable fo^ ' 
container, and . notice associated with ti / 
for. pre«:ribed by a govem«ntal agency re^^^"^" 

is reflective of approval by the agency of the for- of th 

the D.s. Food and Drug Administration for prescriDtl=„ 
20 drugs, or the approved product insert. P"=«lPtion 

m another embodiment, the Iwrentlon provide, a 
PMrmaceuticl product, cc^rlslng «ted poly^„"e!t!de 
cperatively coding for a biologically active ^r'^; 
25 °T Z : ' P^yiologically acceptable Injectile «^i^ 
25 and suitable for Introduction lnter.tltl.liy into 

to =au.e cells of the tissue to «,re.s the polype^ide ! 
co^lner enclosing the solution, and a notice "socHUd 
With the container In form prescribed by a govemm«ui 
agency regulating the manufacture, J., 
30 Pharmaceuticals, *lch notice is reflective of "pp::^!, 

the .,««:y of manufacture, use, or sale of the .I^utlon « 
po^ucleotid. for human or veterinary administr." " ^Te 

-rt^i-. » ""^"■'y> tn« Peptid may be therapeutic and 
administration of th solution to a vertebrate in n ed of 
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T»12 '° polypeptide wux have . therapeutic 

Also provided by the pres „t invention is a 

to ^ „p the polynucleotide and provide a therapeuUc 
effect, a container enclosing the solution . ^ ""P^^" 

10 associated with the containL i„ ;;.srih:. 

governmental agency regulating the «nuf a":::rie^ o^ 
eale of pharmaceuticals, which notice is reflectiv^ H 
approval by the agency of manufacture, use, or sal. J^T J 
•olution Of polynucleotide for hun.n 

15 administration. " " veterinary 

relate' to'"'""^"''' '^'^ ^^tion 
relates to a pharmaceutical product for tr«it.ent Z 

.uscular dystrophy, comprising a sterile, pha^^It^Llv 

20 riT'."^'"- ' ''»™=""«"y effective 

L r op.rativ.ly coding for dystrop^n L 

the carrier, and a container enclosing th. carrier ^ tT 
polynucleotide in sterile fashion. 
Preferably, the polynucleotide is DBA. 

Prom yet another perspective, the invention Include. . 

eetiv. polypeptide to a vertebrate, co.pri7in7 . 
pharmaceutioally eff«a;iv. amount of a nakL, „!, V 
op.rativ.ly coding for the poly;;^::, "s^^:: 
30 polynucleotide in a"L^ 

"^^ container for 

permitting transfer of the polynucleotide from Z 

"Tf V.f"*'"""'' • • •"•r^y 

cells Of the tissue can take — — - 



include a conventional septum that can be pen trat«l, . g 

ZrL «>• contain^' t;'': 

syring , the a ans may b consider d t compris the 
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Plunger of the syringe or a ne die attached to the syringe 
C ntainers used in the present inventi n will usuall^ Z.e 
at least i, preferably at least 5 or lo, and ^.ore 
preferably at least 50 or loo Bicrogra^s of polynucleotide, 
to provide one or »ore unit dosages. For aany 
applications, the container will have at least 500 
Bicrograas or i ailiigraa, and often will contain at least 
50 or 100 lailligrans of polynucleotide. 

Another aspect of the invention provides a 
Phannaceutical product for use in immunizing a vertebrate 
comprising a pharmaceutically effective amount of a naJced 
polynucleotide operatively coding for an immunogenic 
polypeptide, a sealed container enclosing thl 
polynucleotide in a sterile fashion, and means associated 
with the container for permitting transfer of the 
polynucleotide from the container to the interstitial space 
Of a tissue, whereby cells of the tissue can take up and 
express the polynucleotide. 

Still another aspect of the present invention is the 
use Of naked polynucleotide operatively coding for a 
Physiologically active polypeptide in the preparation of a 
Pharmaceutical for introduction interstitially into tissue 
to cause cells comprising the tissue to produce th 
polypeptide. The pharmaceutical, for example, may be for 
introduction into muscle tissue whereby auscle cells 
produce the polypeptide. Also contemplated is such use 
Wherein the peptide is dystrophin and the pharmaceutical is 
for treatment of muscular dystrophy. 

Another use according to the invention is use of naked 
antisense polynucleotide in the preparation of a 
pharmaceutical for introduction interstitially into tissue 
of a vertebrate to inhibit translation of polynucleotide in 
cells of the vertebrate. 

The tissue into which the polynucleotide is introduced 
can be a persistent, non-dividing cell. Th p lynucle tide 
aay be eith r a DNA or RNA sequence. when the 
polynucl otide is DNA, it can also be a DNA sequence which 
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is itself „ n-r.pueati„g, but is insert«l i„t . .i. 
.nd the plesmid further c -prises . replijt r ^ ' 

be . s ^enoe engineer d so .s not to "La; . , 
h St ceil ,«.o.e. p lynucleotide ll^^^Z Z Z 
5 . polypeptide which is either contained within Z ^, 

secreted therefrom, or My comprise . .11.? ^ " 
th. secretion of the peptide. 

DH*, end ™y comprise reco^Z"^t.l ,orT"T' *^ 

the inj.ct.hie pr.Ztion^:i^"lJ:':J'^ 

15 quantity of the polymerwe. initi.l 
In m.ny instancs, it is ^ 

polypeptide ..y advantageousTy be . tn 
^0 polypeptid., .nd „y c«pri.. ^' J'' 

ly.pho.i„e, . receptor, particula^iri celi™"^ ' 
"cepter, a regulatory protein, such « . ,r.^ , 
cth„ r.,ul.tory .,«.t, or „y oth.r proSlTor "Id 
«»t on. desire, to deliver to . cell i„ . 

intro^:c.d""ri^rture'"'i„"oL - 

~ 1 , tissue, in other embodimenta *-h« 

30 n^rT mto tissues. T^ s.r 

^to «^ v^„t. by . v.rl.ty of routes, which 
y be intrad.rm.lly, subd.r».lly, intrathecally or 
i«tr.v«,ou.ly, or it „y be placed within cviti« oi Z 

35 L^«ed It' PolynucleoUde^s 
35 injected lntr«.„scul.rly. m ,tlH oth«: «.bodi»e„t, th! 
^r.p.«ti n comprising the p lynucl otid is imp^"^' 
th Skin, transdermal administration is also contemplat«i? 
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as is inhalati n. 

coding for both a polypeptide and a polymerase 7 
transcribing the and the Inolud^s "^^o^^^ J" 

5 Sites for the polymerase and the injeotahle prlH^ati n 
f^r include, a mean, for pr^idin, an initirrZ::i\; 
of the polymerase in the cell. ^ i^^^^ quanVi^ !f 
polymerase may be physically present together .lT^^^ 
Wternatively, it may be provided by including mRsTcoZ; 
10 therefor, which .pi» i. translat«l by the c^i i„^?! 
•»^t Of the invention, the L 1. Tr;f er^ " a 
Plasmld. Preferably, the polymerase is phage ^ TlT 

...ocl.t«, with the deficiency or absence of a 
Poln«*tide in a vertebrate, comprising the sZ"f 
Obtaining an injectable preparation comprising I 
Pl»™ce«tlc.lly accaptable injectable carrier ^ntaVn 
nited polynucleotide coding for the s^« ""'ining » 
introducing the injectable' preUtioH f ^^^^ 
per^tting the polynucleotide to be incorpora^T: 
=•11, the polypeptide is form«l as the tran.^«Io^ 

product Of the polyn«aeotid., and whereby t^ell^Ic!:^" 
or abse«» of the polypeptide is compensated for ^ 
preferred e.bodlme.*s, the preparation is introdu!;; iZ 
ti«.„e ^ the method is applied repetitivTl^! Z 
~t*od is advantageously .ppli«. where the deficiLcy^r 
absent due to a genetic defect. The polynudeotiT. i" 

«y ^o • "T"""-*^ "^-e; the ™* seguence 
-ay ^eo be incorporated into a plasmld vector «,ich 
comprise, an origin of replication. 

In one of the preferred embodiments th. 
polynucleotide code, f r a non-secreted polyp Aid! a^d 
the polypeptide remains is .i«. Accord^, t ^^' 
diment, when the polynucleotide codes f r Zl 
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polypeptide dystrophin, the method provides a th.., . 
Duchenne^s syndr .e; alternatively, L^^e l^::Ztl7 
codes for the polypeptide phenyUlanin ^yl^^^'Z 

- a polypeptide::,:: iTs::r"ti; :r ~r;-- 

into the circulation «^ *.k ^ released 
^.AiTcuxarion of the vertebrate* 4n > ... 

growth hormone. 

In yet another embodiaent of the in«*->,~, 

polynucleotide coding for a t-o^-^^ wnerein a 

and the receptor is expressed by the cell. ' 
15 In accordance with another aspect of *k 

vertrtrate, ooBpri.ing th. staps of obtainin» » 

iMunogenic translation product and ^^T^ , " 
^0 preparation into a ..rtZ»tT^J^ ? 
product Of the poIy™.ci.otid. i. .t^nf 
vertebrate, wnich elicit. «, "'^^J' 
i-unogen. In on. «bodi«„t of the meth^ the t^l*? 
preparation ooi^rises a pharMceutically ^.!^^i^^n' 
oontalnin, an «,re..ihle pol^ucleotidrro^^t 
i»»unog.„ie peptide, and on the introduction of t^ 
preparation into the vertebra*. »k- <>« *>» 

-orporated into a ^r^L T^XT'Z"::: ^ 

laminogen. response against the 

In an alternative embodiment i-h- 
cc^pris^, one or .or. cell. ob^in« 'froT^h.'":;;::":" 
«a tr«.f.cted in .uro «ith the pclynucle^Ide 
th, polynucleotide is i«»rporat.d int oaid c lis 
an i™„.o,.„ic tranelati n product , the p lynucl oMd^^ 
torned, and whereby „ the introduction ! thT t^J^i^ 
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into th. v.rtebrate, „ 

inv „ti „, the i^uncenic p^„« ^ . * 

5 ■'""•'■*«"'y=eu Of the vertH 

S « the contert of the major hietoeo,«,atlbility antlal™ 

.uf„ent.ate. ceL .™.^r reh.:r\,rrr-; 
«ff„e„ti.t«, s>a„ f^^,„^ r%a:r. 

praotle«l by incoq-oratl.^ th. polynucleotide coding t„ ' 
immmcenic tr«„latio„ product into »„ecle tiseu. 

an o"" i»u„l„tien is pr.f.r.hly 

» «H» .e^c, although a no„-repU=atl„g w« „^en« 
»ay be used. The polym,cl,otlde may be Introduced^c 
tl..„« Of th. body using th. i„j.ctable c.rri.r.W 
liposomal preparation, are preferred for methods in wM^ 

vLl ; »' Obtained from^ 

v«rt.bratB are carried out. 

The carri« preferably is isotonic, hypotonic or 
vemy hypertonic, and has a relatively low ion" I^^gth 
.uch a. provided by a sucrose solution. The prepar^So: 
« «y further advant.,«usly comprise a sourc of T!!^'^ 
Which is incorporated into liposomes in thi ^0^:^ 
polypeptide or as a polynucleotide. 

th. method may be used to selectively elicit a humoral 
immune response, a cellular immune response, or a mixture 7f 
to th«.. in «*odi.«.ts «..rein the cell «pr..s« ^."r 
M^ocompatibility complex of das. x, and Z iJJ^Z 
peptide is pres«,t«> in th. cont^t of th. class i co^lex 
the immune r«ponse is cellular and comprises th. produ^i 
of cytotoxic T-eells. proauction 

in one such embodiment, th. immunogwjio p ptid. is 

"a's's 1 IT ' " ^ ■ 

Class 1 antigens, and stimulates cytotoxic Us which 
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«e capable- Of destroying cell. Infectea the virus, a 

^otoxic T-cell response te produced .ccordino 

the method where the polynucleotid cod s for a trun^.^! 
viral antigen lacUn, hUB ral epitopes. t™««ted 
5 in another of these embodiaents, the imunogenic 

peptide is associated with a tuMor, is presented 

cell. Which are capable of destroying tu.or cells. i„ y t 
another ..*odi»«,t wherein the injectable preparation 
comprises cells taXen fro. the .ni„i ^ tr Jsfe^d I! 
vitro, the cells expressing ».jor hittocompatibillty 
blT ' "spons, i^ 

^ .rb^' cellular and comprise, the production of 

both antibody and cytotoxic T-cells. 

in «,other «.bodi«nt, there is provid«l a method of 
immunizi^ . vertebrate, comprising the steps of obtaini'g 
a positively charged liposome containing «, expres.lbl! 
pclynucleotid. coding for an i..uno,«,ic peptlir i^d 
i^°'r * vertebrate, "1,;^ Z 

liposome is incorporated into a monocyte, a macrophage, or 
"Other cell, where an i.munog«,ic translation product of 
the polynucl«rtid. is formed, ««, the product is process^ 
»a presented by the cell i„ the context of JLe^"o1 

response against the i.m»nog«,. A,.i„, the polynucl«^w' 
« preferably although »a may also be usJT. Jl^, 

before the method may be practiced without the liposome, 
utilizing Just the polynucleotide in an injectable cLie^ 
,0 """^ invention also encompasses the use of nH^ 

30 coding for . polypeptide a«d for a polymerase^ 

recognition sites for the polymerase. The initial quantity 
Of polymerase i. provided by including mm coding thereto^ 
In the preparation, which mllNA i. tr«»i,t.d by the cell 
Ih. ™,A preferably is provided with means for retardl^; 
its degradation in the cell. n,is c«, include capping Z 
^, circularizing the mm, r chemically bloc«^^eT 
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end Of the brna. The DNA used in - the invention may be in 
the f ra of linear DNA or may be a plasmid. Episomal dna 
is also contemplated. On preferred polymerase is phage T7 
RNA polymerase and a preferred recognition site is a T7 rna 
polymerase promoter. 

^^^/^^ practice Tf'^^pLrt ^JtLn requires 
obtaining naked polynucleotide operatively coding for a 
polypeptide for incorporation into vertebrate cells a 
polynucleotide operatively codes for a polypeptide wh^n it 
has all the genetic information necessary for expression by 
a target cell, such as promoters and the like. These 
polynucleotides can be administered to the vertebrate bv 
any method that delivers injectable materials to cells of 
the vertebrate, such as by injection into the interstitial 
space of tissues such as muscles or skin, introduction into 
the circulation or into body cavities or by inhalation or 
insufflation. a naked polynucleotide is injected or 
otherwise delivered to the animal with a pharmaceutically 
acceptable liquid carrier. For all applications, the 
liquid carrier is aqueous or partly aqueous, comprising 
sterile, pyrogen-free water. The pH of the preparation is 
suitably adjusted and buffered. 

in the embodiments of the invention that require us 
Of liposomes, for example, when the polynucleotide is to be 
associated with a liposome, it requires a material for 
forming liposomes, preferably cationic or positively 
charged liposomes, and requires that liposomal preparations 
be made from these materials, with the liposomal material 
in hand, the polynucleotide may advantageously be used to 
transfect cells i„ vitro for use as immunizing agents, or 
to administer polynucleotides into bodily sites where 
liposomes may be taken up by phagocytic cells. 
Polvnuclftottd^ WAi;?rimfr 

The naked polynucleotide materials used according t 
th methods Of the invention comprise DNA and RNA sequences 
r DNA and RNA sequenc s coding for polypeptides that hav 
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useful therapeutic applicati ns. These polyx^ucleotide 
sequences are naJsgfi in th sense that they are fre from 
any delivery vehicl that can act to facilitate entry into 
the cell, f r exampl , the p lynucleotide sequences are 
5 free of viral sequences, particularly any viral particles 
Which may carry genetic infonaation. They are similarly 
free from, or naked with respect to, any material which 
promotes transfection, such as liposomal formulations 
Charged lipids such as Upofectin- or precipitating agents 
10 such as CaP04. 

The DNA sequences used in these methods can be thos 
sequences which do not integrate into the genome of the 
host cell. These may be non-replicating DNA sequences, or 
specific replicating sequences genetically engineered to 

15 lack the genome-integration ability. 

The polynucleotide sequences of the invention are DNA 
or RNA sequences having a therapeutic effect after being 
taken up by a cell. Examples of polynucleotides that ar 
themselves therapeutic are anti-sense DNA and RNA; DNA 

20 coding for an anti-sense RNA; or DNA coding for tRNA or 
rRNA to replace defective or deficient endogenous 
molecules. The polynucleotides of the invention can als 
code for therapeutic polypeptides. a polypeptide is 
understood to be any translation product of a 

25 polynucleotide regardless of size, and whether glycosylated 
or not. Therapeutic polypeptides include as a primary 
example, those polypeptides that can compensate f r 
defective or deficient species in an animal, or those that 
act through toxic effects to limit or remove harmful cells 

30 from the body. 

Therapeutic polynucleotides provided by the inventi n 
can also code for immunity-conferring polypeptides, which 
can act as endogenous immunogens to provoke a humoral or 
cellular response, or both. The polynucleotides employed 
35 according to the present inventi n can als code for an 
antibody. in this r gard, the t rm "antibody" encompasses 
whole immunoglobulin f any class, chim ric antibodies and 
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hybrid antibodies with dual or multipl. antigen or eniton. 
specificities, and fragments, such as F(ab)„Tab° fL ! ! 
2 li.ce inciudin, ,,,,,, LiVct^'TiZ 
the .eanin, of -mi^ody- are conjugates of such frag»il 
5 and so-called antigen binding proteins (single c^M^ 

r oT: r'th " "r""- '-^^ - 

Thus, an isolated polynucleotide coding for variable 
re^o» Of an antibody can be introduced, in acc^^ 
vlth the present invention, to enable the treated subje« 
to produce antibody i„ Por illustrative nethod^ " 

ITJZ et" at'Tt'"' """^^ Polynucleotit^ 
wee Ward et .1. jutar,, 341:544-546 (1989), Gillies et al 

B t PtWhnol ,. 7:799-804 (1989), and Hakatani et al 7" 

ext., 805-810 ,1989). Tbe «,tibody l„ tum would '^"a 

th«.p.utic eff«*, for exa^ie, by binding a ^ac! 

«tlgen associated with a pathogen. Alternatively^ 

Z^^, ^' antl-iaiotypic ant^odl^^ 

(antibodies that bind other antibodies) as described ^ 
in a.s patent Ho. 4,699,880. such antil^o^yp" 
«tlbodies could bind endogenous or foreign «,tibodies Z I 
treated individual, thareby to a«lior.te orp^at^t 
pathological conditions associated with an i^une res^" 
• •g., in the context of an autoianrun. disease, 
code "^•»«» the i„v«,tion preferably 

sTauen » i^uncgenic polypeptides, and the.^ 

sequences nay be used in association with other 

30 ^r::^T^'^'^ -^.tory'^r^riL' 

that control the agression of these polypeptides. nie 
regulatory protein can act by binding to gencLc DH. so « 
TiJZ^T Itematively, it can ac^ 

s^^l^*v T"^ *° """"" ~ "^"^ its 

stability or translation efficiency. 

35 The polynucleotide »ateri.l dellvared to the 

cell. i. viv. can take any „„^ f f r»s, and the present 
inv nti n is not lifted to any particular polynucleotide 



90/11092 „^ 

PCr/US90/01515 

-19- 

coding tor any particular p iypeptid. r group of 
polypeptides. It ,«y c ntaln only a fragment of a gene r 
Bay cede for multiple polyp ptide aeguencea, and may 

p^!i^^^"^Tf''" Pro^oter seguences. 

Pla«,lds containing ganea coding for a large number t 
phy.lologio.lly active peptide. .M .ntigen. or Immunogen. 

"'""'^ literature ana can be readily 

Obtained by those of afcill in the art. 

Hh«» the polynucleotide is to be dha, promoter. 
«atabl. for use in variou. vertebrate syste^. are ZTl 
too™. For example, for u« In .urine .ystems, citable 
strong promoter, include RSV MR, MPSV MR, SV40 iep and 
.etallothionein promoter. m hu»„., on the oth« 
promoter, .uch a. CMV IEP may advanta,eou.ly be u«d. *li 
form. Of OHA, whether replicating or non-repllcating, which 
do not become integrated into the genome, and which are 

With the availability of automated nucleic acid 
aynthesi. equipment, both ma and FHA can be .ynthealzed 
directly wh«, the nucleotide .«p,ence i. known or by a 
cc^lnatlon of PCR cloning and fermentation. KoreJer, 

"T""' °' ""'"^ polypeptide i. known, a 
suitable coding .equence for the polynucleotide can be 
xnr erred* 

When the polynucl«rtld. i. ,«», it can be readily 
prepared from the correapondlng una in ,ier.. For example 
conventional technique, utilize ph.,. polym.r.«. SP6 
T3. or T7 to prepare i«« from Ma t«.plat.. in the 
pr«i«w. of the Indlviduu rlbonuclecld. tripho.ph.te.. 
to .ppropriate ph.ge promoter, such a. a T7 origin o£ 
replication sit. i. placed in the template i»a Immediately 
uprtr.« Of the gene to be transcribed. 8yst«„ utilising 
T7 in thi. ,»„ner are well Known, ««1 are described in the 
literature, e.g., i„ caprent Protocols in h lecular 
Bl logy. 53.8 (V 1.1 1988). 
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One particularly preferred method for obtaining the 
nRNA used in the present inventi n is set f rth in Examples 
2-5. In g neral, howev r, it should be apparent that the 
PXGB plasmld or any similar plasmid that can be readily 
constructed by those of ordinary skill in the art can be 
used with a virtually unlimited number of cDNAs in 
practicing the present invention. such plasmids may 
advantageously comprise a promoter for a desired RNA 
polymerase, followed by a 5' untranslated region, a 3' 
untranslated region, and a template for a poly A tract 
There should be a unique restriction site between these 5' 
and 3' regions to facilitate the insertion of any desired 
cDNA into the plasmid. Then, after cloning the plasmid 
containing the desired gene, the plasmid is linearized by 
cutting in the polyadenylation region and is transcribed in 
vitro to form mRNA transcripts. These transcripts are 
preferably provided with a 5' cap, as demonstrated in 
Example 5. Alternatively, a 5' untranslated sequence such 
as EMC can be used which does not require a 5' cap. 

While the foregoing represents a preferred method for 
preparing the mRNA, it will be apparent to those of skill in 
the art that many alternative methods also exist. For 
example, the mSKA can be prepared in commercially-availabl 
nucleotide synthesis apparatus. Alternatively, mRNA in 
circular form can be prepared. Exonuclease-resistant RNAs 
such as circular mRNA, chemically blocked mRNA, and mRNA 
with a 5' cap are preferred, because of their greater half- 
life in vivo. 

In particular, one preferred mRNA is a self- 
circularizing mRNA having the gene of interest preceded by 
the 5' untranslated region of polio virus. it has been 
demonstrated that circular mRNA has an extremely long half- 
life (Harland & Misher, Developrcnt 102: 837-852 (1988)) 
and that the polio virus 5' untranslated region can promote 
translati n f oRNA without th usual 5' cap (? ii tier £ 
Sonn nberg. Nature 334:320-325 (1988), hereby inc rporat d 
by ref r nee) . 
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This material may be prepar d from a DNA template that 
is self-splicing and generates circular "lariat" nRNAs 
using the meth d of Been s cech, Cell 47:206-216 
(1986) (h reby incorporated by r ference) . we modify that 
template by including the 5' untranslated region of the 
polio virus immediately upstream of the gene of interest 
following the procedure of Maniatis, T. et al. MOLECUU^ 
CIXIHIHG: A LABORATORY MARDAL, Cold Spring Harbor, New York 
(1982). 

In addition, the present invention includes the use f 
BRNA that is chemically blocked at the 5' and/or 3' end to 
prevent access by RNAse. (This enzyme is an exonuclease 
and therefore does not cleave rna in the middle of the 
chain.) such chemical blockage can substantially lengthen 
the half life of the RNA in vivo. Two agents which may b 
used to modify rna are available from Clonetech 
Laboratories, inc., Palo Alto, California: C2 
AminoModifier (Catalog # 5204-1) and Amino-7-dUTP (Catalog 
# K1022-1). These materials add reactive groups to the 
RNA. After introduction of either of these agents onto an 
RNA molecule of interest, an appropriate reactive 
substituent can be linked to the RNA according to the 
manufacturer's instructions. By adding a group with 
sufficient bulk, access to the chemically modified RNA by 
RNAse can be prevented. 
Transient Cena Tho^^py 

Unlike gene therapies proposed in the past, one major 
advantage of the present invention is the transitory natur 
of the polynucleotide synthesis in the cells. (We refer to 
this as reversible gene therapy, or TGT.) with mRNA 
introduced according to the present invention, the effect 
will generally last about one day. Also, in marked 
contrast to gene therapies proposed in the past, mRNA does 
not have to penetrate the nucleus to direct protein 
synthesis? therefore, it should have no gen tic liability. 

in some situati ns, h w ver, a m re prol ng d effect 
aay be desired without incorp rati n f the exogen us 
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polynucleic acid into th gen me of the h st organism. 
In order to provide such an ffect, a preferred emb«aiment 
Of the invention provides introducing a DNA sequence c ding 
for a specific polypeptide into the cell, we have found 
according to the methods of the invention, that non- 
replicating DNA sequences can be introduced into cells to 
provide production of the desired polypeptide for periods 
of about up to six months, and ve have observed no evidence 
of integration of the DNA sequences into the genome of the 
cells. Alternatively, an even more prolonged effect can be 
achieved by introducing the DNA sequence into the cell by 
means of a vector plasmid having the DNA sequence inserted 
therein. Preferably, the plasmid further comprises a 
replicator. Such plasmids are well known to those skilled 
in the art, for example, plasmid pBR322, with replicator 
PMBI, or plasmid pMK16, with replicator ColEl (Ausubel 
P^n^ent: ?ro1-og9lg in Wmp«?ttJLflr Plolonry , john Wiley and 
Sons, New York (1988) §11:1.5.2. 

Results of studies of the time course of expression of 
DNA and mRNA introduced into muscle cells as described in 
Examples l and 13 indicate that mRNA expression is mor 
rapid, although shorter in duration than DNA expression. 
An immediate and long lived gene expression can be achieved 
by administering to the cell a liposomal preparation 
comprising both DNA and an RNA polymerase, such as the 
phage polymerases T7, T3, and SP6. The liposome also 
includes an initial source of the appropriate RNA 
polymerase, by either including the actual enzyme itself 
or alternatively, an mRNA coding for that enzyme, when the 
liposome is introduced into the organism, it delivers the 
DNA and the initial source of rna polymerase to the cell 
The RNA polymerase, recognizing the promoters on the 
introduced DNA, transcribes both genes, resulting in 
translation products comprising more RNA polymerase and the 
desir d polyp ptid . Pr duction of th s mat rials 
c ntinues until th introduc d DNA (which is usually in th 
f rm f a plasmid) is degrad d. In this manner, production 
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of the desired polypeptide i„ vivo can be achieved in a few 
h urs and be extended for on month or more. 

Although not limited to the treatment of genetic 
disease, the methods of the invention can accordingly be 
appropriately applied to treatment strategies requiring 
delivery and functional expression of missing or defective 
9enes • 

The polynucleotides may be delivered to the 
interstitial space of tissues of the animal body, including 
those of muscle, skin, brain, lung, liver, spleen, bon 
-arrow, thymus, heart, lymph, blood, bone, cartilage 
pancreas, kidney, gall bladder, stomach, intestine, testis' 
ovary, uterus, rectum, nervous system, eye, gland, and 
connective tissue. Interstitial space of the tissues 
comprises the intercellular, fluid, mucopolysaccharid 
matrix among the reticular fibers of organ tissues, elastic 
fibers in the walls of vessels or chambers, collagen fibers 
Of fibrous tissues, or that same matrix within connective 
tissue ensheathing muscle cells or in the lacunae of bone 
It is similarly the space occupied by the plasma of the 
circulation and the lymph fluid of the lymphatic channels 
Delivery to the interstitial space of muscle tissue is 
preferred for the reasons discussed below. 
They may be conveniently delivered by injection into th 
tissues comprising these cells. They are preferably 
delivered to and expressed in persistent, non-dividing 
cells Which are differentiated, although delivery and 
expression may be achieved in non-differentiated or less 
completely differentiated cells, such as, for example, stem 
cells of blood or skin fibroblasts. We have discovered 
that la vivo muscle cells are particularly competent in 
their ability to take up and express polynucleotides. This 
ability may be due to the singular tissue architecture of 
muscle, comprising multinucleated cells, sarcoplasmic 
reticulum, and transverse tubular system. Polynucleotides 
nay ent r th muscle through the transv rse tubular system 
which c ntains extracellular fluid and extends deep int' 
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the muscle c 11. t<- 

^ ic is also possible 



the ouscXe c 11. it 
polynucl 
rec ver. 

Muscl Is also advantageously used as a ^ 

«peT:irive injections, to extend therapy over « . ^ 

Of ti«, „e easily per^onnea «^ c«, Tr^J :^t^'T 
and without special skill or devices. 

Muscle tissue can be used as a site for 1«h-»< 
15 expression or polynucleotides iJ' °et lTT"1 
strategies, vnich are exemplary and not exCuCe 
■uscle disorder, related to defective or ^^«.t 

" ""i''"-*'- ^ "'"^-"t i»to the diseased 

inuscie tissue. m a second strategy, disorders a* «^.k 
organs or tissues due to the absence^i a geTpLuct I 
which results in the build-up at \ P^^^^^^t. and 

ouiia up of a circulating toxic 
«tabolita can be treated by introducing the Ipecac 

25 ZTr^'' P»lyP.Pt«. into ™scle tissue vh^e iTno^! 

25 secreted gene product is expressed and clears t^e 
circulating setabolite. i„ . ^ 
polynucleotide coding for an secretable theA^ei^c 
polypeptide can be injected into ™.ole tissue f^ C^I^: 

30 rta^ir^e^" - • 

7 '^•"onstrated in the 

^.lon Of growth hon.one gene injected into „„clT 
6«-pl. 18. certain na ..g^t., are known to serve Is 
"si^n^s- to direct secretion (Bickner, w.t. aJT, r 
loaieb sslans* 230.400-407 (1985), and these „y b^ 

ra"te'g'r"s"' ^» ^--"^"tion 

strategi s, .usde cells nay be inject d with 

P lynude tid s coding for i„unoge„ic peptides, and ^« 
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peptides will be pr sented by auscl cells in 
Of antigens of the „ajor hist c ^patibiiitv T T^^"" 
provoke a selected i^une response ^c^li^ ^' ''. "'''"^ 
rpi„- ^ ^-^ofjonsB against the innnunooen 

Tissues other than thos of auscie ««h ™^°9en. 
5 efficient uptake and expresli * 

polynucleotides, ^y nonethele^^^^/^t^a 

injection sites to ^! a<Jvantageously used as 

condition is the uaa . , onaitions. one such 

«socl.tlon With cell. Of . specif ic , ^ 

cell .urfec. receptor, of Uv^ ^T.' T"'"' 

232:34-47 (1986)1 T„ 1. OoWtein, asi^^ 

« ethers, sui « 'iL'os. 1^ ^ Jl^f ^ "-V 
,.-e proauct. u U notirste^ "r^.:: ""T ^! 



20 



25 



30 



One application of tgt is in th« 

c<»ld not .cco^oaete the r.4er ler,rs^; TZ' 
(ahout I31cb, for dystrophin. very .^tiv / 
i. csnterea on trenspientin, ^^ZJL'^Z',^,^;"^ 
this approach ranains to be dater»l~«, """ty of 

attractive approach «.uld 1 Tt^^,, " 



Another application is in the treata»««4. - 
14, 1989); Romnens, J t m c«< •'"i-ioz 3 (Sept. 

ens, J. t al. SsismsS, 245(4922) :1059-1065 
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(S.pt.«ber 8, 1989), Baardslay, i.et al., fisUntific 
taSElan, 2«(5,:28-30 (1969,. Sig„i„c.„t «;iiS^^ 
th. sy^tom, eh uld be .tfln^i, by th expressi" ^f ^K 
.ys^unct W protein ,lt.l„ .^roprH^: i^ lu 
S The bro„ohi.l ,pltheli.l «Us „e postulated to b" 

.T""" '""""^ i»still.tic„ Of ,«,es intol^: 
lung Since cystic fibrosis is „ .„toso»i recessive 
disontor one would need to eehi*™ only .bout s% of ZZ.^ 
XO l„.i. Of th. cystic fibrosis ,en. ^„ct Z order^ 
.ignificently «.elior.t. the pnl.on.xy sy-pto™. 

Biochenioa genetic defects of intermediary Mtabon™ 
be treated by KT. disJ^eTI^"" 
phe„yl.»to„„ria, galactosemia, ^ple-symp urin^ di^^ 
IS ^tin^ia, propionic acidemia, methylLlonic ac I^!' 
TJs^ -.«ciency. pathog^esi^:; 

t^rmol"rV ?*" *^ Phenyl.„tonuri. 

(Pro, model of a eirculatln, toxic metabolif. That is 

20 ^T*. r • "'"^i^l, toxic to 2 

1Z[ ''^'^ ^ «»»e disorders Ir^ 

ideal for gene th«™py f„r a number of reasons. Pirst 

be .tt.in«i in order to «ignifi«mtly clear «,ough of th. 
Circulating toxic metabolite so that the T^e^t 

~.t oft«, b. ..pressed in . variety of tissue and still 
b. able to Clear the toxic biochemical. 

.,...^7"^^' ^ *^ ^ treatment 

.trategles requiring intracytopLsmic or i„tr«,ocl.^r 

cpebl. of regulating tr»,scription by binding to specific 
^ter r^ion. on m.clear m. oth«- protein, bind to 
«»A regulating it. d.,rad.tion, transport fro. t^e 
nucleus, or translation efficiency. Proteins of this class 
35 must b. d.liv.r.d intracellularly for .ctivitv 
m^ceiiuiar delivery f recombinant transcripti nal 
translati nal regulatory proteins would not be expected to 
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hav biological activity, but functional delivery of th. 
OHA or by TOT would be active. Representativrprole!^: 

TAT, steroid r ceptor and the retinoid receptor 

r..< ""^ • to 'increase the 

resistance of an aibs patient to HIV infection 
introducing an AIDS resistance gene, .„cb as, fcr exa^i 
the HBP g«,. or th. soluble C04 to prev«,t budding 

into an Alts patient's T cell, will render his T cells 

cell. Of th. Imun. qretem and iaprovlng hi. ability t 
mount a T cll d.pendent im^ reeponse. ihus in 
accordance with th. invention, a population of the 'ax^ 
patient', own T cells is isolated fro. the patient's blood 
These cells ar. th„ tr«,sfect«. in ^ 
reintroduced bacX into the patient's blood. Th. vW 
re^stant cells will hav. a selective «iv.ntag. ov.r th. 
norwl clls, and .v«tually rapopulat. th. patient', 
lymphatic .y.t«.. DHA systemic delivery to =acr,^a,es or 
other target cells can be used in addition to the 
«tracorpor«l treat.«t stratagy. »ithou*. this stratsgy 
would not b. .xp.ct«i to eradicat. virus in th. macropW^ 
reeervoir, it will increase th. level of T cells and improve 
the patl«it's immune response. 

In all Of th. systMic stratagl.. pr.s«,ted herein, «, 
.ff«:tiv. OKA or dosage will generally be in the rL-g" 

Bow.v«, a. wui b. appreciate.! this 
dosag. win vary 1„ a ..„n.r apparent to thos. of .mi in 

by the OKA or mRNA «»i th. particular paptld. us«.. por 
a.llv«y of ad«,o.ln. dMminas. to ale or humans, for 
exav>l», adequate Icwels of translation are achieved with a 
MA or mrna dosag. of about 0.5 to 5 mg/lcg. se. Example 
10. Prom thl. information, dosagas for oth«- paptid s f 
Itnown activity can b. readily detenilnal. 

Dis ases rtiich result from deficiencies of critical 
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prot.lM »ay b. appt prlately treated by i„troda=in . 
specialized cells, DBA or »rha c din, for 
A variety o, gr™tb factor, .ucb as 7rtr^ f T"^' 
fibroblast ^wtb factor have been .ho^^ to ' 

'-"^val in ani^, Al^hTi ^^'s ^ea^rt 

the aged rat .odel, HGF infusions have rev.rs«J t^! l 
cholinersic neurons. i„ the fiabria-for^ i!!. " " 

infusion, or secretion fro. " ertlcaTi 
flbroblart. have al.o avoided the 1... "f ""n 

" rr^^hei^r-^L-r- 1- ^^-^ - 
transduced ^es-«,r»ir:::rfro:: ^--^ 

- lost Of function of specur::Lrar^r "'^ 
Introduction of DNA or nRNA bv t««=^ 
» gene for neuronal growth fa^r 4o oTu. "^J* f 
=r«i.l cavity can be u.ed in accord^ 
invention in the tre.t»nt of AlzheW "s^il^""^* 
particular, the present invention treat. L.^" 
intracranial injection of fro. .bout ^ J^'' 

" Of or ™» into the P««IU tL^J^ Tf 

r""*"- theXe^ion , 

^rror^jTiniiiri: "^r -^^^ 

luxuvA xn^ecrxon xs repeated ever-v -a 
capped, polyadenylated »m, «^ .^I^.^ ^ ,i I " 

^s^-r in^prat— TouiT brie-rr 

::-"rr:t::tiy"::::::d - '-^-on 

0 be activ.'^for 'a ^ of^.™"! "^^ -"^^ 

neurol:an.\^rr'^nr.i."orir be" ^d' 

t«n8*ced gene.. For example t^e „.nt%» k ,? 
5 «*aaipxe, uie gene for choline acetvi 

5 transfer., could b. expr s„d within the brain c^n. 
(neurns or gii.i, f 3^^^^,,^ to incr« 

.cetylchollne levels and improve brain function! 
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oth./"* '^"""•^ ^" -y""- Bis £ 

«d 0»BA have be«, cloned „d .vailabl.. ih. crlti^i 
5 r^T""" '""^^^^ ^"■=""«"'y 9". transfer ^to i 
the.e end other neurotr.n.»itter. would have broad 

J^T *; 1»«"'«> -.urotr^jHel 

function and thu. to a broad range of brain disease 

rol.. Specifically, these diseases could include 

»"^«=-<"P""lve illnesses at 
Parkinson's Disease, it is well established that patients 

»lo??T" Prcressively disabiriC 

control due to the lack of dopamine synthesis within t^ 

^~i. is the conversion of tyrosine to L-DOPA ^ th^ 
•>«y»., tyrosine hydroxylase. i-ooPA is then convert*! to 

That is Why the well-established therapy with L-nop» * 
.0 e«.ct^ve ,at le^ fo, y.^."ir 

^. therapy could accosplish the similar phar«acolcgic 
Objective by expressing the genes for tyrosine hydroxyllse 
«d possible DOPA decarboxylase a. well. JoH^ " 
readily available within the CHS. tyrosine is 

" c„ "* alPha-l-antitrypsin deficiency 

ean result in both liver and lung disease. The liv^ 
disease Which is less co^on, is caused by ^ 

a»enabl. to therapy. The pul^naty co^licatlon. 

'ZTJ^" "T"'" «^ression"; 

^.i^i:;; ' 

Mpha-l-antitrypsin deficiency also occurs in tobacco 
since tobacco snok. deer... s alpha-l-antitrypsin 
activity and thus serin protease activity that leads t 
e^hyse™. m additi n, some r cent data links t bacco 
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smoke's anti-trypsin ffect t aneurysms of the aorta 
Aneurysms would also be preventabl by raising blood levels 
of anti-l-antitrypsin since this would decrease pr tease 
activity that leads to aneurysms. 
5 Patients with degenerative disease of the lung could 

also benefit from the expression of enzymes capable of 
removing other toxic metabolites which tend to accumulate 
in diseased lung tissue. Superoxide dismutase and catalase 
could be delivered by TGT to ameliorate these problems. 

TGT can be used in treatment strategies requiring the 
delivery of cell surface receptors. it could be argued 
that there is no need to decipher methodology for 
functional m vivo delivery of genes. There is, after all 
an established technology for the synthesis and large scale 
production of proteins, and proteins are the end product of 
gene expression. This logic applies for many protein 
molecules which act extracellularly or interact with cell 
surface receptors, such as tissue plasminogen activator 
(TPA) , growth hormone, insulin, interferon, granulocyte- 
20 macrophage colony stimulating factor (GMCSP) 
erythropoietin (EPO) , etc. However, the drug deliver^ 
problems associated with properly delivering a recombinant 
cell surface receptor to be inserted in the plasma membrane 
Of its target cell in the proper orientation for a 
functional receptor have hithertofore appeared intractable 
When DNA or RNA coding for a cell surface receptor is 
delivered intracellularly in accordance with the present 
invention, the resulting protein can be efficiently and 
functionally expressed on the target cell surface, if the 
problem of functional delivery of recombinant cell surface 
receptors remains intractable, then the only way of 
approaching this therapeutic modality will be through gene 
delivery. similar logic for nuclear or cytoplasmic 
regulation of gene expression applies to nuclear regulatory 
35 factor bound to DNA t regulat (up or down) rna 
transcripti n and to cytoplasmic regulat ry fact rs which 
bind t RNA t increase r decrease translati nal 
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efficiency and degradati n. TGT could in 

fibrosa, „uscular dystr phy and hyper^hol steroW, 
Elevated levels £ cholesterol in th. hi ^ 
5 reduoed in .coordanc. with the p^se^J^ f 

~c::::::^^ti— rl^V^- 
.a^inisterin, th. r^co^L.. JZTZ.^'T 
receptor into the plasi« MM,rane of the t^.t f „ 
receptor must be properly insert!! T. 
15 order to exert l*. • ^""^ "» »e»brane in 

!«^l Of 1^1.°°"'""'" «P hepa^ocyte. 1^ 

level of LDL receptor in the liver will 

as the ^„ Of infections i^Tas^ ^^'^^ 
receptor levels will 4.w , "igner iiver ldl 

0 inciu^^, orri" -rr-" 
««o^,.. Of patient. ^L:r:^ r "u^'vir 

introduction of the thy,idine ki».s. aene^tr^' 
Baoroph.,. reservoir will r««.er those cell' La T 
Of Phosphorylating *2T. This teJT T ^"^^^ 

resistance to L therapt -X. 1.,""""" 

"'iapy, najcing azt capable of 
eradicating the HIV reserv «fa»j.e or 

= »P.e.es co„tai„i„,':«'^Urrr,ene"r':: 
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prepap c. «<. .dalnistered to the pati „t through repetitive 
intravenou. Injection,. The UpW co.pl«c.e „iu be t^« 
up l.r, ly by the ^cr ph.9 reservoir leading to ele^e" 
l«-els of thymidine kinaae in the «croph.,J. ^l^lTl 

LTT' "''^ "^^"^ to treaf^t 

A^T. The thymidine kinase therapy c«. also be footed 1^ 
putting the thymidine Unase ,en. under the control .^t^^ 
HTLV III promoter. According to this strategy the 

p-tein .hi^ -v.r;he"tr:i.~iogirer::; 

would supply cells With the gen. tor diphtheria toxin^^ 
the control of the same BILV 111 promoter, with the 1^" 
result occurring in cells only after HIV infection. 

the 1^", "^'"^ ^ "y 'uPPlyih, 

^tht^ T *° -ccording to 

-ethod. increased levels of localized interferon 
production in „croph.g.s could render the. .or. ^isti:: 

20 Tt ^ "l"^^ " lnf.ction. While local levels 
20 Of interferon would be high, the overall systemic level^ 
would remain low, th.r«,y .voiding the ^t..io 
lr!% reccbin^t int.r^° 

i^in " containing^; 

25 n °" '"^ ad.inist.r.d to the 

25 patxent by repetitive intravenous injections. The li!^^ 
complex.. Will be teken up lergeiy by the macro^^" 
r.B.nroir leading to elevated localized levels If 
lnterf«on in the macr^ges. Thi. will render th« 1... 
susceptlWa to HW infection. 

" . l^^T "=^"9 by supplying 

a dlphth„i. toxin ,«e on a BHA t«^i.t. with a «s.ul 
^cifio ^cer to focus repression of the gen. 
miTJii."" J"*"""-^" expression of diphth„i. toxin 

35 "O-IO b. ti.su.-.p.cific such 

as using a p«,creas-sp.cific promoter f r the pancreatic 
cancer. A functi nal diphtheria toxin g«» delivered to 
P«wr atic cell, could radicate the entir pancreas. This 
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strat gy c uld be used as a treato^n^- . 
cancer. The patients w uld w 1 T '""'"'^ 
difficulty surviving without a Zlr^l ^^-ountahle 
specific ei^ancer would ensure ThT* '^"^'^^ 
S diphtheria toxin would onlyT^^ !n oan^'^f^'^" 
DNA/llpld complexes containing ^ diphCr:!^^^^^^^ 
under the control of a tissue sn««<^I I " 

introduced directly inL t ^« 
airectly Into a cannulated artery feeding 

pancreas. The infusion would occur on some ' 
10 for as long as necessary to Tradic^te L"'''"'' 
tissue, other lethal genes besides diph^erTa to^n""' 
be used With similar effect, such as g^L ^^^^^^ 
cobra venoB factor or enterotoxln. ''^'''^ °' 

Also, one could treat cancer 

"Pldly cycling ,«vidi„« .„ch c«,c., cAi. 
.p«ciflc milag couia also h. : 

only in cycling cells M » stable 

cexis (I.e. hlstone brna that i 

stable during s phasel no« " ^"1^ 

25 One could also treat st»eelan,«^ 

The TOT rtrategy c«, be us«i to provide a co„tr„„ . 

Mil M racoBblnaat protein drugs, can . 
controlled rele.ee devices. The polos. 1^ t^T ! 
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release. 

TGT can be used to obtain controlled delivery of 
therapeutic peptide.. Reflated e:cpre.slon can be bS^lnld 
by using suitebl promoters, including ceU-speci«c 
5 promoters. suitable peptides delivered by the prese^^ 
invention include, for ««„pi., ^ J 

int.rl.uMns, interferons, 6MCSP, epo, and the Ute 
Depending on the specific application, the m or an RNA 
construct selected cn b. designed to result in a g^e 
1. product that is secreted fron the injected cells and 7^ 
the systemic circulation. 

TGT can also coB^rise the controlled delivery of 
therapeutic polypeptides or peptides which is achieved by 
15 celT ' polynucleotide to be expressed in th 

cell, an additional polynucleotide which codes for a 
regulatory protein which controls processes of 
transcription and translation. These polynucleotides 
comprise those which operate either to up regulate or down 
regulate polypeptide expression, and exert their effects 
20 either within the nucleus or by controlling 
translation events in the cytoplasm. 

The T7 polymerase gene can be used in conjunction with 
a gene of interest to obtain longer duration of effect of 
TGT. Episomal DNA such as that obtained from the origin of 
replication region for the Epstein Barr virus can be used 

fll'l'" 7, T ""'^""^ replication which ar^ 

functionally active in mammalian cells, and preferably 
those that are active in human cells. This is a way to 

w!^^t Tr'" ^'^^ divisions, 

without risking unfavorable integration events that are 
common to retrovirus vectors. Controlled release of 
calcitonin could be obtained if a calcitonin gene under the 
control of its own promoter could be functionally 
introduced into some site, such as liver or slcin. cancel 
patients with hypercalcemia would be a group t wh m this 
th rapy could be applied. 

other gene therapies using TGT can include the us of 
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» polynucUotide tiiat has a therapeutic eff 
beln, translated into a polypeptide/ p^eCt ^^Zl 
be us a in the delivery ot anti-s.™.. polynuc^^ M^^J Tr 
turning off the expression of specific aen^ t 
s anti-sense ^ethodoiogy suffers "r^^ZT^-U^TT'T 
because the oligonucleotide s.,n.ence. deliv^7d' t. T 
Short. Kith IGT, ho».v«r, full i.„,th antl-iZe 
=« be delivered as ..sily .s short^li^""' '7^' 
polynucleotides c«, be DH* or ^UcuITSlt 

translation of, an endogenous nucleotide seouence 

trans":i " :;er'"rTf ^T'thr'T"' 
xs delivering a polynucleotide that'^.cl. T^J or rr:: 
replace a defective or deficient -.dogenous^ror^^n* 

'L'lTLtr* conditTon *' 

Cell-specific Procters can also be used to nenlt 
expression of the ,«„ only in the target ceU T 

Z^^" °' ""ue-t^oi™ic 

promoter, for specialized tissue, e.g., 1^ tissue of 

^;e.r sys'tU"" - - 

" »«y'>'«» therapies described, the nethod of the 

s^rt" r ^ polynucleotides to 11^! 

stock to increase production of i^lk in dairy cattle or 
.uscle Mss in aniMls that ,ra raised for «at 

DMA .i>ffK Iftt 

30 According to the ..thods of the imrentlon k .k 

^«»ibl. and can be delivered to^i^ „t 

th«.i„ a polypeptide translation product, if the nucl." 
.cid. contain the proper control seguences, they ^Ui 

35 °' "I'tively large a-ounts ot ^ 

35 encoded protein. «he« the DH» «,d ««HA delivered t ^ 
c lis cod s for «, i«unizi«g peptide, the methods can be 
applied t achieve i^roved and nore effective ij^i^ 
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against infecti us ag nts, including intracellular viruses, 
and als against tumor c lis. 

Since the immune systems f all vertebrat s operate 
similarly, the applications described can be implemented in 
all vertebrate systems, comprising mammalian and avian 
species, as well as fish. 

The methods of the invention may be applied by direct 
injection of the polynucleotide into cells of the animal m 
vivo, or by in vitro transf action of some of the animal 
cells Which are then re-introduced into the animal body. 
The polynucleotides may be delivered to various cells of 
the animal body, including muscle, skin, brain, lung, 
liver, spleen, or to the. cells of the blood. Delivery of 
the polynucleotides directly in vivo is preferably to the 
cells of muscle or skin. The polynucleotides may b 
injected into muscle or skin using an injection syringe. 
They may also be delivered into muscle or skin using a 
vaccine gun. 

It has recently been shown that cationic lipids can be 
used to facilitate the transfection of cells in certain 
applications, particularly in vitro transfection. 
Cationic lipid based transfection technology is preferred 
over other methods; it is more efficient and convenient 
than calcium phosphate, DEAE dextran or electroporation 
methods, and retrovirus mediated transfection, as discussed 
previously, can lead to integration events in the host 
cell genome that result in oncogene activation or other 
undesirable consequences. The knowledge that cationic 
lipid technology works with messenger RNA is a further 
advantage to this approach because rna is turned over 
rapidly by intracellular nucleases and is not integrated 
into the host genome. A transfection system that results 
in high levels of reversible expression is preferred to 
alternative methodology requiring selection and expansion 
f stably transf rmed clon s because many f the desir d 
primary target cells do not rapidly divide in culture. 

Th ability to transfect cells at high efficiency with 
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cationic lipos mes provides an alternative method for 
immunization. The g ne f r an antigen is introduced in to 
cells Which have b en remov d from an animal. The 
transf cted cells, now expressing the antigen, are 
reinjected into the animal where the immune system can 
respond to the (now) endogenous antigen. The process can 
possibly be enhanced by coinjection of either an adjuvant 
or lymphokines to further stimulate the lymphoid cells. 

vaccination with nucleic acids containing a gene for 
an antigen may also provide a way to specifically target 
the cellular immune response. cells expressing proteins 
Which are secreted will enter the normal antigen processing 
pathways and produce both a humoral and cytotoxic response 
The response to proteins which are not secreted is more 
selective. Non-secreted proteins synthesized in cells 
expressing only class I MHC molecules are expected to 
produce only a cytotoxic vaccination. Expression of the 
same antigen in cells bearing both class I and class II 
molecules may produce a more vigorous response by 
stimulating both cytotoxic and helper T cells. Enhancement 
Of the immune response nay also be possible by injecting 
the gene for the antigen along with a peptide fragment of 
the antigen. The antigen is presented via class i MHC 
molecules to the cellular immune system while the peptide 
is presented via class II MHC molecules to stimulate helper 
T cells. m any case, this method provides a way to 
stimulate and modulate the immune response in a way which 
lias not previously been possible. 

A major disadvantage of subunit vaccines is that 
glycoprotein antigens are seldom modified correctly in th 
recombinant expression systems used to make the antigens. 
Introducing the gene for a glycoprotein antigen will insure 
that the protein product is synthesized, modified and 
processed in the same species and cells that the pathogen 
protein would be. Thus, the expression of a gene f r a 
human viral glycoprotein will c ntain the correct 
c mplement f sugar residues. This is important because it 
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has b en nstrated that a substantial coop nent f the 
neutralizing antibodies in some viral systems are directed 
at carbohydrate epitopes. 

Any appropriate antigen which is a candidate for an 
iamune response, whether humoral or cellular, can be used 
in its nucleic acid form. The source of the cells could be 
fibroblasts taken from an individual which provide a 
convenient source of cells expressing only class I mhc 
molecules. Alternatively, peripheral blood cells can be 
rapidly isolated from whole blood to provide a source of 
cells containing both class I and class ii mhc proteins 
They could be further fractionated into B cells, helper T 
cells, cytotoxic T cells or macrophage/monocyte cells if 
desired. Bone marrow cells can provide a source of less 
differentiated lymphoid cells, in all cases the cell will 
be transfected either with DNA containing a gene for th 
antigen or by the appropriate capped and polyadenylated 
inRHA transcribed from that gene or a circular rna 
chemically modified RNA, or an RNA which does not require 
5' capping. The choice of the transfecting nucleotide may 
depend on the duration of expression desired. For 
vaccination purposes, a reversible expression of the 
immunogenic peptide, as occurs on mRNA transfection, is 
preferred. Transfected cells are injected into the animal 
and the expressed proteins will be processed and presented 
to the immune system by the normal cellular pathways. 

such an approach has been used to produce cytotoxic 
immunity in model systems in mice. Cell lines, malignant 
continuously growing cells, can be stably transformed with 
DNA. When cells are injected into animals, they induce 
cellular immunity to the expressed antigen. The cationic 
lipid delivery system will allow this approach to be 
extended to normal, non-malignant cells taken from a 
patient. 

Ther are sev ral applications to this appr ach f 
targeting cellular immunity. Th first is vaccination 
against viruses in which antibodies are known to be 
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r quired or to enhanc d viral inf ction. There ar two 
strat gies that can be applied here. One can specifically 
target the cellular pathway during immunization thus 
eliminating th enhancing antib dies. Alternatively one 
can vaccinate with the gene for a truncated antigen which 
eliminate the humoral epitomes which enhance infectivity. 

The use of DNA or mRNA vaccine therapy could similarly 
provide a means to provoke an effective cytotoxic T-cell 
response to weakly antigenic tumors. We propose for 
example, that if a tumor-specif ic antigen were expressed by 
mRNA inside a cell in an already processed form, and 
incorporated directly into the class I molecules on the 
cell surface, a cytotoxic T cell response would be 
elicited. 

A second application is that this approach provides a 
method to treat latent viral infections. several viruses 
(for example. Hepatitis B, HIV and members of the Herpes 
Virus group) can establish latent infections in which th 
virus is maintained intracellularly in an inactive or 
partially active form. There are few ways of treating such 
an infections. However, by inducing a cytolytic immunity 
against a latent viral protein, the latently infected cells 
will be targeted and eliminated. 

A related application of this approach is to the 
treatment of chronic pathogen infections. There ar 
numerous examples of pathogens which replicate slowly and 
spread directly from cell to cell. These infections are 
chronic, in some cases lasting years or decades. Examples 
of these are the slow viruses (e.g. visna) , the Scrapie 
agent and HIV. one can eliminate the infected cells by 
inducing an cellular response to proteins of the pathogen. 

Finally, this approach may also be applicable to the 
treatment of malignant disease. Vaccination to mount a 
cellular immune response to a protein specific to the 
malignant state, be it an activated oncogen , a f tal 
antig n or an actlvati n marker, will result in the 
elimination f th s cells. 
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The use of DMA/BRNA vaccines could in this way greatly 
enhanc th inmunogenicity f certain viral proteins, and 
cancer-specific antigens, that normally elicit a ' poor 
immune response. The mRNA vaccine technique should be 
applicable to the induction of cytotoxic T cell immunity 
against poorly immunogenic viral proteins from the Herpes 
viruses, non-A, non-B hepatitis, and HIV, and it would 
avoid the hazards and difficulties associated with in vitro 
propagation of these viruses. For cell surface antigens, 
such as viral coat proteins (e.g., HIV gpl20) , the antigen 
would be expressed on the surface of the target cell in the 
context of the major histocompatibility complex (mhc) 
which would be expected to result in a more appropriate,' 
vigorous and realistic immune response. it is this factor 
that results in the more efficacious immune responses 
frequently observed with attenuated virus vaccines. 
Delivery of a single antigen gene by TGT would be much 
safer than attenuated viruses, vhidb can result in a low 
frequency of disease due to inadequate attenuation. 

There is an additional advantage of TGT which can b 
exploited during the vaccine development phase. One of the 
difficulties with vaccine development is the requirement to 
screen different structural variants of the antigen, for 
the optimal immune response. if the variant is derived 
from a recombinant source, the protein usually must be 
expressed and purified before it can be tested for 
antigenicity. This is a laborious and time consuming 
process. with in vitro mutagenesis, it is possible to 
obtain and sequence numerous clones of a given antigen, if 
these antigen can be screened for antigenicity at the DNA 
or RNA level by TGT, the vaccine development program could 
be made to proceed much faster. 

Finally, in the case of the DNA/mRNA vaccines, the 
protein antigen is never exposed directly to serum 
antibody, but is always produced by the transfected cells 
themselves f llowing translation f the mRNA. Henc , 
anaphylaxis should not be a problem. Thus, the present 
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inv«,tion par.itB th patient t be iMManU d r.p afdly 
Without th fear of allergic reactions. The use of the 
DHV»»HA vaccines of th present invention ^„ 
ifflxaunxzation possible. 

one can easily conceive of ways in which this 
technology can be modified to enhance still further th 
iffl»unogenicity of antigens. T cell immunization can be 
augmented by increasing the density of Class I and Class ii 
histocompatibility antigens on the macrophage or other cell 
surface and/or by inducing the transfected cell to release 
cytokines that promote lymphocyte proliferation. To this 
end one may incorporate in the same liposomes that contain 
»HNA for the antigen, other mRKA species that encod 
interferons or interleukin-1. These cytokines are known to 
enhance macrophage activation. Their systemic use has been 
hampered because of side effects. However, when 
encapsulated in mRNA, along with mRNA for antigen, they 
Should be expressed only by those cells that co-express 
antigen. m this situation, the induction of T cell 
immunity can be enhanced greatly. 
Therapeutic PQnniiifl^j;.^!? 

Polynucleotide salts: Administration of pharmaceutical ly 
acceptable salts of the polynucleotides described herein is 
xncluded within the scope of the invention. Such salts may 
be prepared from pharmaceutically acceptable non-toxic 
bases including organic bases and inorganic bases. salts 
derived from inorganic bases include sodium, potassium, 
lithium, ammonium, calcium, magnesium, and the like. Salts 
derived from pharmaceutically acceptable organic non-toxic 
bases include salts of primary, secondary, and tertiary 
amines, basic amino acids, and the like. Por a helpful 
discussion of pharmaceutical salts, see s. H. Berge et al 
Journal of Pharmaceutical Sciences 66:1-19 (1977) the 
disclosure of which is hereby incorporated by reference. 

Polynucleotides f r injecti n, a pref rred route of 
delivery, may be prepared in unit dosag f rm in ampules 
or in multidose containers. Th polynucleotides may be 
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present in such t rms as suspensions, solutions, r 
elisions in oUy or preferably .gueous vehicles. 
Alternatively, the polynude tide salt aay be i„ 
lyophilized fn. for reconstitution, at the ti»e of 
delivery, with a suitable vehicle, such as sterile pyrooen- 
free water. Both liqiUd as well a. lyophilized for»slhat 
ere to be reconstituted will comprise agents, preferably 
buffers, in amounts necessary to suitably adjust the pH of 
the injected solution. For any parenteral use, 
particularly if the for«.lation is to be administered 
intravenously, the total concentration of solute, should be 
controlled to make the preparation isotonic, hypotonic, or 
weakly hypertonic. Honionic materials, such as sugars are 
preferred for adjusting tonicity, and sucrose is 
particularly preferred. toy of these forms may further 
co.*rise suitable formulatory agents, such as starch or 
sugar, glycerol or saline. The compositions per unit 
aosa,.. Whether liquid or .olid, may contain from 0.1% to 
99% Of polynucleotide material. 

The units dosage ampules or nultidose containers, 
m Which the polynucleotides are packaged prior to use, may 
comprise an hermetically sealed container enclosing an 
amount of polynucleotide or solution containing a 
polynucleotide suitable for a pharmaceutically effective 
dose thereof, or multiples of an effective dose. The 
polynucleotide is packaged as a sterile formulation, and 
the hermetically sealed container is designed to preserve 
sterility of the formulation until use. 

The container in which the polynucleotide is packaged 
Is labeled, and the label bears a notice in the form 
prescribed by a governmental agency, for example the Food 
and Drug Administration, which notice is reflective of 
approval by the agency under Federal law, of the 
manufacture, use, or sale of the polynucleotide material 
therein for human administrati n. 

P d ral law requires that the use of pharmaceutical 
agents in th therapy of humans b approved by an agency of 
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the Federal government. Resp nsibility f„ enforcement Is 

TiJT ' '"-inistrat J? 

wnach 1«„. appropriate regmations for securing suc^ 
approval, detailed in 21 n.s.c. 301-392. Regulation f r 
5 baologio material, comprising products made from thi 
tissues Of animals is provided under 42 o.s.c 262. similar 
^ovai is required by most foreign countries 
Regulations vary fro. country to country, but the indivdual 
procedures are well known to those in the art. 
Pgwae «nd Rout. »f t.i.. tnl.<-^.,.j^ „ 

The dosage to be administer*! depends to a larg 
«te^t on the condition and size of the subject bel^g 
treats, a. w.n a, the frequency of treatment and the rout 
15 °' , ■f-"^"'""'''- tor continuing therl^^, 

15 including dose and frequency may be guided by the inltui 
response and clinical Judgment. ih. p.r«,ter.l route of 
injection into the interstitial space of tissues Is 

inhalation of an a«™sol formulation, may be required in 
•^^=*»"«n, as for ««mpi. to thT muco« 
««*ran«, of the nose, throat, bronchial tisues or lung. 

in preferred protocols, a formulation comprising the 
naked polynucleotide in an aqueous carrier is injected into 
tissue in amounts of fro. 10 .1 per site to about i ml per 

fo™!.*/"! °* polynucleotide in th. 

formulation i. fro. about 0.1 ,g/ml to about 20 mg/ml 
"'-"I'^-lffn tf TST ' 

Just as DMA based gene transfer protocols require 
.wrc^riat. signal, for tr«u,crlbing (promoters, enhancers) 

T ^rr"'^"' "^""^ P'ly-lenylation signals 

the mRNA tr«,scrlpt, maa based TGT requires the appropriate 
structural and sequence elements for efficient and correct 
translation, together with those elements which win enhance 
the stability of the transfeoted mmK. 

In general, translational efficiency has b n f und t 
be regulat d by specific sequ nee elements in th 5' non- 
coding or untranslated r gion (5'OTR) of the SNA. Positive 



30 



35 



wo 90/11092 

PCr/US90/01515 

-44- 

sequnce iotifs include the tr„slationaX initiation 
c nsensus sequence (OCC)»CQaiiSO (K «„cleic Acid. 

ZZ'T t"°:" -thn cpppo CP etru" ^ 

(Druimnd et .1., Hocleic Acids Ses. 13:7375 (19.5,, 
S Negative element, include stable l„tra^i.cul.r 5- oip 
.tM,-ioop .tructure. (Mueein, et al., cell 48=691(1987,, 
«d AU8 se,u«,ce, or short open riding fra-es preceded 
« appropriate ADG in th. 5' OTR (Ko^ak, Sam, Bao et al 
^ cell. Blol. .:28.,1988„. i„ addition, cert i; 
10 sequence «tifs such as the beta globin 5' OTR .^v act t 

T^. <>«»» Pl«o«« .<«.c«.t to a heterologous 

5 OTR) by an unknown l»chanis». ih«re are also e«„.ples 
Of specittc 5- ^ sequence, which regulate eukaryoUc 
transl.tlon.1 .«iciency in respond to environ^tal 

et al. Proc. H«a. ,cad. 8ci. DSA 84:6730 (1987), and the 
toosophil. to'o 5' OTR (Kl.«„. et .1., nJo Journal 
4:2053 ,«85„. Finally, th.„ .„ 5, ^ 

20 t*" f '° ^-^""^ tran!^"::: 

20 and ttanslational control, and «diate ann efficient 
translation of viral or chimeric .aiHA. (Dolph et .1., of 

I^ Uo'r'Z, 

334, 330 (1988),. HSN& based TGI protocols must therefore 

25 ^1', translational element, flanking 

25 the coding sequence for the protein of interest. 

in addition to tranelational concerns, mRKA stability 
»«t be coneidered during the development of »rma ba«d TGI 
protocols. A. a g«»r.i .tatement, capping and 3' 
poly«u.q,l.tion are the major pcitiv. deter»in«,t. of 

Biol. ned. 5:1(1988,) and function to protect the 5' and 3' 
ends Of the aRHA from degradation. However, regulatory 
element, which affect the .tability of eukaryotic «rka. 
have also been defined, and therefore must be coneidered in 
35 the development f brha igt protoc Is. The m st notabl 
Md clmy defined f the., ar th uridine rich 3- 
untranslated r glon (3' DTR, destabilizer .equenoes found 
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in many short half-life uirnas rshaw «nH v 

nly .e,u.„=e »otl^. vMch result i„ desCuiratL 
(Kabniclc and Houanaa, Hoi. and Call b1«i . 
» in addition, n«ci£ic raoulttoJT. " 
cellular »RHA half T 

owAjuuxi nave also been demonstrat-aH mu 

(Brock and Shapiro, cell 34:207 (1983)), the ^ 1 

10 ra^atlcn trana^arrin «c.^, J,' .tLm;^^: 
ana Kuta, call S3:815 (WBS)) which i. du. to a sLi^^' 
<™ .otlf, th. prolactin i^i.t«l cont^i^/ 

•tablllty (Guyette at .1 n " «»» 

J luuyens at al., cell 17:1013 rugon »k 

regulation of Pibronectin .tablllty in r„» 

15 nu^er of ati^i (Dean et 1. , a mT^"?* ' 

et al., cell 48:«15 (1987)). Pi„,iiy, a. vlJLi 

..^«.c.. have e^lved which bypass rLjTlZ^'^^ ^ 

«WH to oe able to confer stability in tho -k- 
Polyadenylatlon CMcGrae and woodlaj, J^^,^^ " 
"«< 467 (1981)). so.. 5', «.oh a. ! 
— .1, ar. ^own to fu^ctlot "th" ' a'T^lh" 
cacophony of stability «Kiulatlng ei.,«,t. !J! I 
» carefully consid«.d in developing^* T,r^,T 
«^ be „s«, to .oaulate the effect of an 

.«.i::..-"u::so:l r^'ii:;ifi?r'' " 

. vesicles, havin, a «.brane t^ZXrZ oTup" uT 
-aterial and an Interior aqueous portion 
portion is us«. i„ the preset invr^r'to :^:tar:: 
poly^cleotlae material to be delivered to the ta^Vt "eU 

u..a . r T'""^ """'-^ terming ..teriais 

»^ h«*in have a cationic group, such ae .%„.t 

a«onlu. ^ « « " "pophllic gr ups su^^ 

aaturated r unsaturated allcyl groups having fr« about 6 
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to ^out 30 carbon at one group of suitable materials 

_U d .cribed in European Patent Publieati n Ho. 0187702 
These naterials have the f mmla: oi87702. 

1(3 

' R*0CH2-CH-(CH2)n-H+-R« x" 

Wherein Rl and r2 are the .a« or diKer«,t and are aim 
or aixenyl of 6 to 22 carbon ato», r3, r4, ^ /tre'^' 
sa»e or different a». are hydrogen, a^l of , 

"-"TBB or R , R , and r5 are taken together thev forn» 

as ! hi, ' PhaiMoeutleally aeceptabl. «,lo„, ^ 

15 in , """" ""'^ " OeUlled 

IS in the above-identified patent application, altemativil'! 
•t least on. of th«i, compounds, B-(2,3-di-,9-,,f: 
o^^yloxy„-prop-l-yl.„,H,H-trl«ethyl«„oni„» chloride 
1. ccmercially available fro» Bethesda ResJr^ 
Uboratorie. Caithersburg, Maryland 20,77, osT 

^ quaternary a«.oniu» diether conpounds, how«r.r 

ao have so™ dr.vb.c3cs. Beceuse of th. ether ll„,„g«' 
^ey „. not re«Uly «taboliz«, «^ ^ ^ 

^py is contenpiated, there is so^ possibility 
these material, could .ccnnulate in tissue , 

" T^IT" t«ic Sid, e^^^ 

Accordingly, a preferred class of compositions for «e1; 
the present invention hu the forma.: 

r3 

r1c00CH2-CB-(CB2)„-n+-r4 JT 
'° C0OR2 is 

Wherein r1 and «:e the same or different and are al^ 
or al.cenyl of s to 21 carbon atoms, r3, and rS are^e 
same or different and «re hydrogen, alkyl of i to 8 

. Of R , r«, and r5 «e taken together they form 
^Wlidin , piperidino, pyrrolidino, r mcrpholinol n " 
8, md X is a pharmaceutically acceptable anion, such 
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as a halogen. These compounds may be prenar^H • 
conventional techni<^ s, such as nucleopMirsZt^^^^^^^^^^ 
involving a carboxylic acid and an al,cyl htide L 

5 11'"^^^'''^^'' - c ndensati n of 1 alcohol viS^ 
5 an acid or an acid halide. 

imfn""""'"' ""^ liposo«-,or.i„g cationlc 

lipid compounds are described in the literatL. see 
e.g., L. stanatatos, et al., Bioch-irtry 27:39i7-3,« 

suitable lipo.o«s for us. i„ the present invention 
•re co»i.erclaUy available. llpoeo.es, for^i! 

are available under the trade^rK Upofectln f^I ^^^^ 
Research Labs, Salthersburg, Maryland. "thesda 

.v.li^^'"'""'''' "^"^ «" ^ P"««red from readily- 

^ Ir^vl" r*"'' -terials of ^ 

type previously described. The preparation of doi»p 
liposomes is detailed in Ex«.pie «. Preparation of ^ 
liposome, is explained in the literature, see, e.,.^ 
m^er, et al., Proo. Kat'l soi. as* 8« 7413-7417 

Similar methods can be used to prepare liposomes fr^ 

ZIT t' , "-entional lipHl 

forming materials can be used to prepare liposomes 

pTo'spI'attn* ° K "*«^>1- 
Phosphatidyl Choline, cholesterol, phosphatidyl- 

ethanolamine, and the like. These materials can alL 
advantageously be .i««, vith the DOMl- or DOIWl 
«t«ri.ls in ratios from o» to about 75%. ^ 

conventional methods can be used to prepare oth., 
noncatioMc liposomes. «.ese liposomes do '^r^se " ^ 
cell «iis as readily as cationic liposomes. However, t^e^ 
a« taken up by macrophages Xn vi,», 

35 ^se c » °' ""^Vnudeotide to 

35 these cells. For example, commercially di le yl- 
Phosphatidyl chline (toPC, , dioleoylphosphatidyl glycer 1 
(DOPG), and dioleoylphosphatidyl ethanolanin (l»PE) can b^ 
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"Bed in various coBbinati „, to «ke o nvention.1 
ixpoao-s. With or without th. addition of cholestrt 

5 nitrogan gas into a sonication vial. The »a»ple is placid 

2 hours in a capped vial, using a Beat Systa«s model ,5o 

10 TT' T"^ " ^^'^ type, pr^ 

10 at the «xi™„ setting while the hath is ciroulatJ^ at 
15 C. Alternatively, negatively charged wuiclu can be 
prepared without sonication to produce ™atiiril.r 
vesicles or by extrusion through nudeopore ne.branes ^ 
15 >»ll-."« vesicle, o, discrete size. 

15 .ethods are taown and available to those of skill in Z 
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The present invention is described below in detail 

described are broadly applicable as described herein and 
are not intended to be limited by the Examples. 

EXAMPLE l: PREPARATION OP LIPOSOME-FORMING DOTAP 

The cationic liposo»e-f orning material 1,2- 
bis(oleoyloxy, .3. (trimethylammonio) propane (DOTAP) is 
prepared as reported by L. Stamatatos, et al. (supra, or H. 
Eibl, et al. (supra). 

Briefly, stamatatos, et al. report that l »»ol of 3- 
bro»o-l,2-propanediol (Aldrich) was acylated for 48 hours 
fL 1%"'*^/ -Florida (freshly pr,^ 

ZZ,T V "'"^^ «l»hol!fre! 

diethyl ether (JO »1, containing s mnol of dry pyridine 
The precipitate of pyridinium hydrochloride mte^^ 

IIL^ T, concentrated under nitrogen and 

redxssolv«> in 10 .a of hexane. The hexane solution was 
washed 3 ti.e. with «. ^al v lu» of i:i .ethanol/o.l H 
•que us »eooHa, pH 3.0, 3 ti» s with 1:1 ethanol/o.l N 
.qu us KaOH, an dl tie with 1, agu ous Had. The crude 
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UOQ mi), which was repeatedly vash«<4 «4 4.v « . 
™ aqueous HCOONa, pH 3 o «th«,<,i/joo 
**wwntt, pn 3.0, ana then evaporated f« 

give the desired product in pure form at o-m* 

-a purine. ,ro^ _ . • 

Plata. (.Uic ,.1 e, that aeveloped „ttt SOuHs-s.' 

EXAMPLE 2: PREPARiTIOH OF PIASMIDS FOR mrT«^ 
IEMPL»TES FOR AHY^ OF^rS 

suitable t«.pi,t. »» for production of .afflA codlno 

are ^ie.e. to .nerea.m?;r oTt^T^ 

The readily-available SPS cloning v«rt:or bsP6« 
provide, S' and 3' flanJtin, ragione tL, . 
30 efficiently tranelated "nstTctirT'tb" 
Plasadd i. detailed by Kreig, «: al. (supra) ^ i. h t 
incorporate by tbi. raferance. Jy ^ ' rta^tt 
initiation codon can be introduced into this plas«id a^^ 

rT?" "''"^^ "^'^ ^'"I to insert ^v 

desired cDNA coding for a polypeptide of interest. 

good result, can be Obtained with PSP64T When 
linearized and then transcribed in viv wit^ SP6 ^ 

Poly»erase, w. prefer to use the xenopu. .-giobTn Zj,!^ 
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sequences of pSP64T with phage T7 rma « , 

(appr X. 150 hp) Hi„«xx to .coRx' Cen\ 
s guences are then inserted into a rTifL J 
5 HindXXX/EcoKX fragment (approx. .... hp,'"^ 1",^^^^^^^^^ 
commercially available from International BioteLLo^J 
inc., Newhaven, Connecticut 06535) with T4 DNA li! 
Resulting piasmids, designated pXBG, L serened T' 
orientation and transformed into e cdi 
are adapted to receive any ge^e of inte;est ^ 
BglXl restriction site, which is situated " Ll thTt^^ 
xenopus /9-globin sequences. 

EXAMPLE 3: PREPARATION OF PLASMXD CODXNG POP 
CHIORAMPHENICOL ACE^^pSSJ^f 

A convenient marker gene for demonstrating i„ vivo 
expression of exogenous polynucleotides is chlaLjLl' ^ 
acetyltransferase, CAT a nia«n.4^ chloramphenicol 
CAT oen« ^i. v . w ^^^^^'^ pSP-CAT containing the 

CAT gene flanked by the xenopus ^-globin 5' and J 
se^ences was produced by adding the cat gene into t^e 
BglXX site Of PSP64T. We used CAT gene in th« ^ I 
small BamHT/THnHTTT * the 
snwAX BamHi/Hindlll fragment from psV2-CAT favali.Hi- * 

Bglll-el.av.d psP64T w«-. incubat«J with th. 
mg«„t to generate bl»t e™ta, „ere if \ f 

T4 DKA llg„. to for. pSP-CM. "™ """^^ "^^^ 

Ih. Pstl/Hindlll fragment was then generated and 

purified Which comprl.es the CT gen. hetwej ^ 3, ."d 
3' ^-globln flanking seguences of psP64T. 01.131 
(Intei™.tional Biotechnologies, Inc., was cleaved witT f!!^ 
Hi^dlll, „d th. long linear s^„^ ^ "J^^^f 
This fragment was then combined with the CM-o 
containing .egu.nc. and the fragment, wer lig'^^, ^ 
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S EXAMPLE 4= WEPARiTION OP PDHiriED DNA TEMPIAIE 

The plasmld DHA from Bxample 3 i. ». 
prepared par Mani.ti. (aupraf ' A ^^T" 
using 2 csci spins to re«„e T^ri^^ 

containing prrcAT An fror^^ie 3" J'':!'"'""^' 

10 a^iciilin-containing .eai». ^' ' 

Peuet«i by spinning at 5000 rpn for^o 2 ,„ 
1.C-5 centrifug. ,e.i. ca^f.l ' f°"'" 

resuspended in cold TH, p„ a.o, i^gt^^in for "J^ 
»in. at 5000 rpB., resuspendl in a Jl«*, " 

15 glucose, 25 m Tris-ci oh . o "l^ion of 50 ^ai 

l..o.y«. After Llauon ior 5 to^To' T 
cccasionax in^rsion, ... » h^oh LtlinL'^nL 
.Med, followed after 10 .inutes at o- c^^, k oT T 
•estate and 2 H acetic add. Aftsr 10 .„ f P=t«"i»- 
-erial was again ce.trifng.d"':: "oorU^".::' T 
eupematant was r..oved with a pip.t. The 
.ixed into 0.6 ,01. isoprop«,ol (-jo- 0 .1!^ """" 
•t C for 15 .inrt... ' L, ^""^ 

centrifuge, again at 10,000 rp» fo^o 1 
"I HB4 swinging buclcet rot^ ' ^ 

a-er which L'^^LT^L ^^^Tj'^t^.T' 
«shed in 70* Eton and dried at roc. tZ^Lf hsT 
the psiiat was resuspended in 3.5 «i S 
.adition Of 3.. g csCl and 350 .1 of s ^/'mi Tt^T 
resulting material was placed in a guic 
to the top with mineral oil. The tub. „ 
-urs at 30,000 rpm in a "iso ten:: LuT ^0:^" 
instruments, Pasadena, California, 91051,. 
removed, and the material was centrlfuged agaiT m^^ 

BtBr/ml in te. The EtBr was th n extracted with «. 
volume f TH saturated H-Butanol after addingTvorumeTof 
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ra t the band, dUcrdln, the upper phase untU the upper 



5 



10 



^ *— was 

material was precipitated at -20 c for 2 h „^ 

resultant DNA precipitate is used as a dnI t ^""^ 

preparation of brna i„ vitro. "^^^'^^^ 

EXAMPLE 5 : PREPARATION OP »RNA POR TRANSPECTION 

The DNA from E>caMplB 4 vas linearized downstream 
the poly A tail with a s-fold excess of pTtx Th! 

l«l"L"'f r r '"^'''^ ^'"^ P-enol/chlorofot 
extractions, followed by two chlorofonn extractions dwa 
was then precipitated with NaOAc (o 3 Ml an/, T' 
15 vhnn "> and 2 volumes of 

EtOH The pellet was resuspended at about i mg/ml i„ dep 
treated deionized water. 

Next, a transcription buffer was , 

20 order to one volume of DEP-treated „at«r at ro» 
t^perature: a volu.. „ transcription bu«J, 

TTV"^' t» ^ - concentratlo^/^r:! 

^iJ^ 7«8(50ppp,„,« „p 

England Biolab«, Beverly, Masaachusetts, 019511 to „ , " 

^"-^'^ Zar i.:^ 

to 0.5 »,/ai concentration; raaain (Proneoa M,di.™ 
wi.con.in, to 2000 0/.1 concentratl^^:;^ T m 
P=ly»er..e ,H.E. Biolah., to 4000 u/^ conc«,tration 

Ihi. mixture was incubated for 1 hour at 37 p ™, 
30 succeseful tranecription reaction wa^ tndicaL Ty 
incr.a.i„, cloadin... of the reaction mixture 

Pollo»in9 generation of the »EN», 2 „ oHAse 
(Pronega per microgram of DKA template uaed va. added 
«. p^itted to digeet the template for 15 minute.. 1h"! 
^ce^ith"".rr*'' chloroforvphenol ^ 

^o Tn H«r< »" precipitated 

with 0.3 H KaOAc in 2 volume, f EtOB, and the pellet was 

r suspended in 100 .1 BEP-treated deioni^ed wat r pe^ ^0 

.1 tr«,scription product. This solution was passed Ler^ 



wo 90/1 1092 

PCr/US90/0l5l5 

.... 

u. tr.Mf ction Of vertebrates i, 

5 

KOKPLE e: PREPlRMioH OF LIPOSOMES 

A n«,*er of liposome pr.p«.tion »ethods een ., . 
to .dv«t.g. in the practice of the present I^Z^i 

" ----^ — . uposo^ J rr t 

evaporated to dryness under rs^^e^ of !^ " 
IS residual solvent 1. removed ^ 

Uposo.es are prepared b/'rlsu^dCt: iTr*:' 
d«onized water (2 .i, .nd sonicatin, to clarit in . 
-«d vi., ^ ^^^^^ J.rit.J. a 

" - x=r.orir:er f^r - 

by Slow addition l^'. Z^L" " 
9«.tle vortexin, to a 0.5 «1 JLionTf i ' h 
or OOTAP/PH liposomes at m,/^:" I ^"^^^f 

wmL ^ cbar,.d^"":; 

«ll^ r ,1"" polynucleotide Z 

upi:: r-poiZ':::^:/r.°'rr' it-- 

particular need in .„„ p.^ti 
.0 mematively, as reported P.?^er et'Il 

-ay be adv«,tageous to dilute thono'l , ' " 

RMAi T. \ "lime the polynucleotide (dna or 

With Hep«, buffer«i saline ,150 »h h.ci, ,0 J„epel 
PH 7.4) prior to combining the material. T 
for, liposome/polynucleotide compIL^s 
S however, the us. of solutions ha" n, low ioTir. ' 
(such as sucrose, instead of saline soUl TLZTZ 
be preferable; in particular it • /^^^^^'^ ^ 

soluti n. ..cnitate\.iivery";f tSucr ^rt'T ^ 
by minimizing precipitation of polynucl.otidVlipid 
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EXMJPLE 7: IK VIVO EXSRESSIOH OP LIPOSOMALLY »im 

The ability of »BB* coding for chloramphenicol acetyl 
transferase (CAT) to transfect cells in vivo and^^ 

10 by directly injecting 0.200 ul of each of the for^aUons 
helov, prepared a, indicated, into the abdcinal .uscle " 
^' ^ ' T- *" 'or^iation 

15 weighing approximately 0.1 to 0.2 gram., «„ excu!!' 
^nced, and placed in a x.5 ml di^-osable 'mortar Zl^' 
Horton Grove, Illinois) together with 200 .1 of the „ 
^ous for»U.tion having th. following components, 20 Z 

,n ^ ^ ' ^ "^^2' =f-l00 surfactant 

With a di.po..bl. pertl.. The mortar was then cove^ 

homb (Parr In,tr»m«.t Company, Mollne, Illinois) ani 
25 TT:'' « atmospheres With nitrogen at .T\Zl 

«ioroce«trifug. at 13,000 rpm, 4-c, for 10 

";ii!i;r""°* ^-"^'^ - — - 

protein by thin-layer chromatography. First, 75 .i^f 
~^ sample (the supen,.t«,t prepared above, wa. indated 
for two hours at 37-c with 5 ,1 c" chloramphenicol 
(Amersham), 20 .1 4 mM Acetyl CoA, and 50 .1 1 „ Li", 

^l'^ " ^ ^^y^ CoA was added, and 

the mitture was again incubated for 2 hours at 37-c The 
resulting solution was extr.ct«l with 1 ml EtOAc, «,d the 
organic phase was removed and lyophiliz d in a vacuum 
centrifuge (Sp dv.c, savant c.,. n,e pellet 1^ 



wo 90/11092 

PCT/US90/01515 

-55- 

gel thin iay,r chr natography plate n*. , 

dried, and was sprayed with a ^a^^^i • 
5 rp«h«««- o witn a radiolumxnescent indicat r 

3 (Enhance Spray for Surface RAri{.s^..u . *"«j.v.at r 

. „I , ^urrace Radiography, New England Nuclear 
corp.) . The Plate was then sandwiched with Kodak Y^ ^^ 
with overnight exposure at -70-C and^. ^ 
developed per manufacturer's instrucUont te oUow'^^ 
results were obtained: following 

10 

^XT?r?ri7i?n 

(No. positive/ total) 

iR J OPtlnen;37.5 pg dotha 

3* ?Pjf»«»'' 15 „q CAT RNA ?/« 

3. Formulation 1 plus 15 ug CAT RNA 

20 Optimem: Serum-free thahi. 

" tiit.-'sis-s!ot:s!;oi«, i-^r^."'i-«rrii^,,-« 

35 ,plll„v3.1 the Aia. Research a^ rL^L t 

HatW l^titute o. Mi.^ L^,^^ 

the proceaure of Exa»pl, 4. a volume of Z\To, . 
tonnulation, prepared according to Examni^ . 

DOTAP/PE m 10% sucrose is injected into the tail vein of 

'^Z Uir ™' - " * ut ^rth 

mj ctlon site, and prepar d as a cell lysat. according^ 
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BcMple 7. The HIV specific protein gpuo le identitl.* , 
the lysete .1.0 .cccr.l„, to the p„=..„es of t:::,?' 

The ^lllty of .ntlbody present 1„ serj of u.. 

■Uffla vaoclMted Bice to protect .gainst Hlv mZl, 
S .eter^l^ea h. a H..-«c pl.^e reauct'loHss^, 

Bruce °^'«^«' ^'oH; 

Bruc. Chesebro, (Rocky Mounfin National Lab, Montana^ 

^=«n in culture In »P« ^la ,bpx„ oaly^er^'HT 

l^S w.^f*°*^ -^t. HXV aaain, approxl«t. ; 

T. t *° WroxlMtely 10' 

erxect of gpi20 iimnune serum against htv 
^dln, both the HXV ana appro^w'.! yTo Tof ^r^LI 
■ouse yacclnat«I vith ,pl20 3^ayrot 
incubation, the cell, of all batches are w.rti«, itlZ ^ 
stalnea „ltb crystal violet, and the nuJT'o""" 

d":::^- . °' 

detendned as the reduction In the number of piaoues iT^h 

^^'Z' r"* ^ ~::.tt 

treated w^,ral^;"^ to the „u^r In batches 

•^•^ »iia «r aRia toluiREO hit CHUXBI6S 

™„, , i«unodeflcl«,t Mice (SCID -Ice 

(Molecular Biology Institute, (mbi,, l. Jolla, L 92037n 

lymphocytes by Injection Into the peritoneal cavi^ 
according to the method of Hosier (Hosier ,t al 

^ <»»»... -traperito„eaii„u::n:f:o;'t:r: 

in sealed glove boxes. containment facility 

WMA coding for th ,.f pr Uin if hiv was prepared by 
btainlng th n.f gene in the form of a plasma (p^f 
fro, th HIMB, Hoocvllle, HD 20e«, , r^oving Tl,', 
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gene from the plasaid: inserting th. In 
Pl.«i<. for tr„«riptl n, purifyll; tlrt," ""^ 
proauct „BHA .3 described in J^Z T^ ZT'^^^T 
n.t «KA w„ then incorporated into . formui!^ 
5 to Example 6. zoo microliter tail vein "iet!i 

sucrose .olution containing ,00 uJ/^WF °' ' "* 

1 = 1 OOT„:ooP8 ,i„ >»I/lipo/r ^»pT* "^o^ "'^"^ 
p.rfor»«. daily on «,peri.«,tal «,i«lT whi!! 
«i.als were likewise injected with 1^/,/ 
" oontainin, 200 ug/ml y^st T"" 

DOT»P/Bow liposomes. *t 7 4 .T. ^ " "'^"^ 
Mopsy speciLn. "ere*U;C"fL^^,r«,^J-"»"' 

IL) «.d virus titer bv th. , ^""So. 
I-unostainin, Tr' ^-f ^^r " T"" 

..rum fro. . hxv infected mielt p1 ^1^^^^ 
« counted end the number of infected celis^^ 

".Id (4.O., were determined, osin, these „^y."* 

a 2 fold reduction 4.*.- ^ assays, at least 

reauction in the number of positive stain<«« 
was observed at 8 weeks, and titer and 1,7 ^ ""^^^^ 

reduced by at least 50%. Tcletle/ ^ "^"^^^^ 
25 a moderate anti-viral effect of tie u '"''^^"^ 
A volume of 200 «l oT^h . "'"'^ treatment. 

PTTQA ^i-xtowic ttxv protexn p24 bv an 

^ ELISA kit assay (Abbott Labs, Chicago, 
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EXaMPLB 10: A METHOD OP EROVIDIHG ADEHOSIHB DEAMUaSF 
TO HICB BY Xir VZVO tftNA TRAHSracSw^ 

The full-length sequence for the cDNA of the human 
5 adenosine deaminase (ADA) gene is obtained from the i,300 
bp EcoRl-Acci fragment of clone ADA 211 (Adrian, G et'al 
Mol. cell Biol. 4:1712 (1984). It is blunt-ended, ligated 
to Bglll linkers and then digested with Bglli. The 
modified fragment is inserted into the Bglii site of pXBG 
10 ADA mRHA is transcribed and purified according to Examples 
2 through 5, and purified ADA mKNA is incorporated into a 
formulation according to Example 6. Balb 3T3 mice are 
injected directly in the tail vein with 200 ^i of this 
formulation, containing 200 Mg/al of ADA nRNA, and 
15 500 pg/ml DOTAP in 10% sucrose. 

The presence of human ADA in the tissues of the liver 
Skin, and muscle of the mice is confirmed by an isoelectric 
focusing (ief) procedure. Tissue extracts were 
,o *>«^««n PH 4 and 5 on a non-denaturing gel. 

20 The gel was then stained for in situ ADA activity as 
reported by Valeric, D. et al. fiana 31:137-143 (1984). 

A preliminary separation of human and non-human ADA is 
carried out by fast protein liquid chromatography (fplc) 
2. u"^^^ fractionated on a Pharmacia (Piscataway,' 

25 NJ) MonoQ column (HR5/5) with a linear gradient from 0.05 
to 0.5 M KCl, 20 mM Tris (pH 7.5). Activity for ADA within 
the fractions is measured by reacting the fractions with 
C-adenosine (Amersham, Chicago, IL) which is converted to 
mosine. Thin layer chromatography (o.l m NaPi pH 6 8 
30 saturated ammonium 8ulfate:n-propylalcohol/ioo:60:2) is 
used to separate the radioactive inosine from the substrate 
adenosine. 



35 EXAMPLE 11: IN VIVO EXPRESSION OF PURE RNA AND DNA 
INJECTED DIRECTLY INTO IHB MUsSs OP MCT 

The quadriceps muscles of mice were inject d with 
either lOO pgrams of pRSVCAT DNA plasmid r 100 ^grams f 
40 /JgCAT^gAn »NA and th muscle tissu at th injection site 
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later tested for CAT activity. 

Five to six week old female and aale Balb/r 

ice syri^e through . 27 aLl ^ ' 

~B=i. into the ^ ia»ut oT J ' °* 

10 Plaoe. over the Injection fitr.o; ^u^JeT^^u"!"" 

With 7o T'orTTZr ^ -tro 

upo.ecti;%^,™* rro,^i::^.ni" - - 

» optW conaitione .escrihe. .tr ^ "^,3 7^"' ' 
BM. fibroblasts were also transfe«^ I 

consisted of "f^orLr, "T^"' 

codln» - <*lorai,.phenlcol acetyl transferase (cwi 

containing .00 .1 of a lysis solution .o^^ "is pT ? 

2 m Mgcij «,d O.U Triton X), «,d grindlno^. f ' 
0 a Plastic pestle (Kontes, ;;r one'^^l' '"^n'^' T 

ensure complete disruption of the muscle cell, the „ T 

t ssu. .as then Placed under .0 psi of ..T^ Z ZT, 

at 4 c for IS „i„ before releasing the pressure. 

Fibroblasts were processed sinilarlv aff, «. 
» tryp.l„l,ed off the plates, ta^cen ^ U.Z'^T.iTs^' 

-.sh d «, With PBS, and the final cell pellet l^T; 

^to.00.1 f lysl. s lutl „. „«l 
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fibroblast extracts were assay d for ca^r 
incubating th reaction fixtures for 2 TLs ^7^^' 
Chloramphenicol, followed by extraction a^ ^ J ; 
chr mat graphy, all as described in Example 7. 
5 Figure 1 comprises autoradiograms from 

experiments showing C.T -ctivityT:::in^:LrriT^^^^^ 
injected guadriceps muscles. Lane numbers appear at ^e 
top of the autoradiograms and the « \ 
conversions are at th7 v^i-^ chloramphenicol 
are at the bottom. Sample loe;«4>{»»« 
10 follows: -Locations are as 

JSSes I JJ' fibroblasts 

With 60 Atgrams of DOTMA ln*v7 . ' 

I-n« „ ... iF« • - 

30 ' omrfluent so mn plate of 3T3 cell, 

CAT activity was «adUy detected in all four rha 
infection sitae le hours after injection and in all ^ Z 

8) and from two of the six laa injection sites (figure i 
lane, ii and 20, contained level, of c«r a^vit; 

fibroblast, transiently transfected l„ vl„c. under optimal 
conditions (Figure 1, lane, 9, 10 21-211 tk 
« total amount of «T activity e^^ressed in Icie'ts^r" 
*or tb. injectio™. and 11. p, for tbe J i^c^ ^ 
Th variability in aT activity r covered from dlS,^; 

TTnielt 'T'^ ' '"^•'""^ 

tb injection and retraction tecbaigue, since significant 



10 
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variability was observed when pure cat Drot«n-« 

tra„«.ctea M„t. were in^ecterUr^ "^^L" 

and inm dlately excia d nuscie sites 

o-ouBxy excis a for measurement of cat 

other Buscle groups can take „r, ^ 
polynucleotides. "P"" 

EXAMPLE 12: SITE W 1» VIVO EXPRESSION OP POBB M» 

IKJBCTED DIBECTLV IHTO IBE mSsSI S^^CE 
The site Of ,«„ «.pr,s.ion in injectefl »uscle was 
<i.t.r»i„«l by utilizing the pPsVLac-z WK vector (P ^JZ 

«a J comn .,1, 5=2«-r,o 

15 .xpresaing the e. „n ^-galactoeidaee gen. for Inw! 
.^ Observing the x„ cytoche.icl IZn^ o^'^ " 

muscle of nice was exposed as described *.k« . 

20 Of p8sv«c-z in 20* .ucrce. Seven d^t^ 4' 
ind.vidu.1 quadriceps ™„cl.s were re.ovid TJT 
entirety „d .very fifth 15 „ cro.7!^.cWc„ 
histoche^cally stained for .-galactlsidas: . ctillt^'" 

» isope^L^-t ""^iaTsrir "'"^ - 
cryostat and pl.c^ ^^7:Z.-.^r.^X: 
Slid, were fix«l in 1.5* glutaraldehyd. in pbs ^0 
Bxnutes and stained 4 hours for .-galactosidase activity 

30 i;s77 The ""^'1 T-i 8.:isj 

(1987) . The Buscle was counterstained with eosin 

(A)- '^oss'snn"'" T'"" =' " 

iSiitioT?:;I^SiSS oSfy IMro^-- -Satii? « 

«0 ^g^ci!"!6»f'""' "''^ » " """^ ' »"«=1 inject d With 
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SLt'ileTi S'ipfrJf'' " "-actions o£ the sa.e »scle 

Approximately 60 wisele cello 
5 4000 eellB fl 5t> th.» «PProxi»ately 
o ceils (1.5%) that c mprise the entire quadriceos and 
approximately 10-30% o, the cell, within the ritrtHral 
w«r. .talned blue (Figures 2B, c, «,a m c^t^ " 
injected with only a .20% sucrose sol.^l» aid^lT 
background stamin, («,ure 2»,. pll!i". t-^Hcn-"" 
10 .^ini«, within so., individual muscle ceul ^Tt^l 
1.2 mm deep on serial cross-sections (Figures jf e ! 
B), Which may be the result of either ^fZ', ' , " 
multiple nuclei or the abUlty oiZJ^^^ 
pressed from one nucleus to'^ dlL^^r^ .H^:^ 
IS the muscle cell. l-»glt»dlnal sectioning also r«L^ 
gslactosldase staining within muscle c^is toT A ?! 

cells, fainter blue staining often appeared in \y.J, 

20 oTt'^ir^^' ""'^ ^^^^^^ "pres'^rantt!^:-: 

20 Of the histochemical /^-galactosidase stain in wh^ 
reacted X-gal product diffuses before precipitl^int^ 
Similar results are obtained with linear dna. 

EXAMPLE 13: DOSE-RESPONSE EFFECTS OP RNA Awn n«. 
25 INJECTED INTO MDS^Ss ol m^E ^ 

Experiments with the firefly luciferase 
explored the e„ect o, P Jametei^TrdoT H^Tl '1* 

..drreps^muries^^o/rr iX.:r"^' 

-scribed. Huscle extracts o7 t^rri:! ^adr^ 
bu«er was loomM KPl pH 7.a, 1 .„ ^, o.l% ^Jn " 

»I^ert i t^ l»-lno.et.r. Ught units were 

convert d t plccgram. (pg, , luciferase using a standard 
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ourv. .stabii.h^ by .Msurlm, the light units produc a bv 
purified firefly l„=ifer„e (Anelytlcl LiT^JZ 
1-bor.tory, within control .uscl extract. The m Ind DHl 
preparations prior to Infection aid not c^^iT 2 

With 20* .ucroe. had no detectable lucifer... activity 
«11 the above experi-ent, were done two to three tlMe. an^ 

?i*ict^!,"'o?"va??Jiri^'S":i ^U^t «>• 
_ sucrose and 4 dS^ 'fou^na 2. '^?i??if?n 1" ^o* 

IS a«ounts Of pRsvL 1^20* si^f injection of varying 

fibroblasts (iSrS'e.T e?\l ^Pr^^.»^1*° * »""''>> 3" 
" W"-«081 (MM) «d afte^ i«y;.u''"cyL 

20% sucrose were injected Into quadrile^s. " ™* ^ 

p^^'^'tSi-^j.'IfiJ^St^^cSaAV/'"^'"' 

*• Iigysl of R>ne Bvn^..jnn 

A dose-response effort: was obs«™ed wh«, wdriceps 
-uscles were Injected with various aaounts of ^gL^c 
30 or MApssvi. constructs ,rigure3A,. The Injection^" ^ 
tlaes „ore DKA r.sult«, In luoiferase activity increasing 

^ZT^"': " ^ following^! 

injection Of 10 „ of DHA to 320 pg luciferas. fouLing 

rrrf ten tlBes „ore 

d!!h * fibroblasts in a 60 ^ 

dish were lipof.cted with 20 .g of DHA or RNA complexes 
With 60 ,g Of Lipofectm . (Bethesda Research labs, i^Tll 
Of optl-MEH- (Oibco,. TWO days later, the cells w*^e 
40 assayed for luoiferase activity a»i the results from four 

transf et«i int fibroblasts yield d a t tal of 120 pg f 
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luciferase (6 pg luciferase/Mg DNA) whli ,k 

into Buscle yielded an average of ll^ , '"^'^^ ' 

pg l«cifera8e/,g dka; Pigure 3A) Th (^-^ 

traasfectei flbrobl„t. ««, injeeUd MscXeT 

Th. ti.e course was also investigated (Figures 3b ^ 
I«cif.r... activity was assa«d at v.^? !, 
after « .g of .gx^c,*^ h« or ioo J^'Z.T' 
injected. Pollcwiiwr Rwa 

activity reachL r^r-ufr^r,;"* xVr* 
quiclay decreased to 2 p, .t ' 

hours. Following m» injection into muscle sTstJt. , 

Tne data in Figure 3B suggest that 
a- the H» transcript CV:^tlu: oTr 

xucxrerase activity for 60 days is not likelv ta h« ^ ^ 
the stability of luciferase protein or t^e stabUi^y ^f'tb 
in vivo UNA transcript. srability of the 

EXAMPLE 14: PERSISTENCE nw rnt* 

Preparations of nuscle DH» were oht»i„.j . 
uninfected guadriceps or fro. guIL^iro rTay:™; 
infection with 100 pg of pRsVL in 20% sucrLse IT 
quadriceps ™scles fro» the sa»e ani^l^^^niol^ T 
into liquid B, and gr uad with a ^ ' ^''^ 

=ellux„ OK* and ^ su/rt.r"r p^l^d IfT 
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J hn Wiley, New York (1987) . Flft«<.« 
cuuur DH* or 10 „1 out o^ the "oTo/hi»:' 

"P-luciferase probe (the Biaail-B^ t^ ■"■Itiprimed 
rouowin, h.brai..tlo„ over^^^t^^t ^ri' 



KodaV YiBR «4i u.D« SDS at 68 

ITc "^'^ *or 45 ,oJ' 

31 BlanJc ligMted pRsvL 

*" Si.*^^"' sup.r,„t«t fro. oontrol 

" SUirJLSL »•» control, 

S,»: BaoBi dige.t of o2S,r »uscUs 
2S L«,eio: as ^ ""J^'S^.i^e ««^^^ 

™* " ^« »> «9.8t«. with B««i 

!«. u: ^Jl« .m^,S»e ,s i„ i^e 9, digested with 

30 SSJ if : Sjii"^" ™* 4l9"ted with Bglli 

f??^. - supematent digested wSh LxTT 

(Size Mrkers (»/HindIIl) ere'sSSS rt^ffeft). 

southern blot analysis of »uscl, dka indicate, that 
the foreign pRSVI, cm. is present within **" '^'t 

35 for at least 3o the muscle tissue 

at least 30 days (Figure 4, lanes 6-9) and 1= 
to the levels of m present in muscle Lrand A . " 

Of a 5 6 Vh v^ar,H 4.U a. ' ' ^® Presence 

« (Figure 4 TaneT r"^^^-^^ " "-arlzed pRsvL 

1 igure 4, lane 2) suggest that the DNA is present .ifh. 
in a Circular, extrachronosomal form or in laTe I T 
repeats of the piasmid integrate, into l^Z. '^ 
™.cl. B,« dig sted with Bgiix (Which does not "Hm^r 
the pr s«»e f . band smaller than 10 Xb (Figure 4!^ ^ 
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«p.rn.t.„ts .1,0 suggest that the n4 ^ 

«nl„tagrat«j. Although th. «Jorlty ^ 

.PP«. to b. extr.chro.o.oJ xo^ iL!! ofr^" 

-.t th. OK* ha. not r.plicat.1 »ri;;hr.L:ii'e:"r" 

EXAMPLE IS: IM VIVO EXPRESSION OF PURE Dka Tvmr.^ 
DUffiCTLY INTO THE lSl<^/^^'^^ 

PRSVL DNA was precipitated In ethanol and dried The 



Implant: 

25 /xg pRSVL DNA 



428 

453 



46420 
53585 
1171 
53397 
499 



27577 
34291 
106865 
105176 
40481 



159080 
35512 



40 



EXAMPLE 16: DIKECT GENE DELIVERY INTO LDNC T»rm,.«« 
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Th DNA luciferase vector fpRsvr.^ „ , 
«porecti„., „s inject a int»tr.r.u;' ^ ° J"^;."'' 
« 20, sucrose „ts, or In s, .ucr L « r'^^. " " 
^.y. miown, th. inj ction, the ret l", ^^r'aivr. 
5 into 7 sections: LOT,, LLL, rol rml „t „ ^''"^ 

follows, „a Trache.. Th. Tt a^^e ', " 

w J airfers from thai- 

the human in having one large left lung off thr^^ 

right miaaie lob. (rml), right lower lob. ((Pix) 
«oo«sory lobe (ali b«,.,*. l(«H>), ana an 

thee, lun, ^JZl ^[^^ f '""^ by .i„cin, 

-0 .1 Of . lysis soiuirto ^^i. rrr" r**'"^' 

1= ana ^iton ic,, ana grLain, 1^ J^^^™ 

P"tl.. (Kontes, tor on. .in„t.. i„ Irl^ * "i""" 

oomplet. aisruption of the lung cells, tt.Tu^ ^ 

th« piaoea una« <oo psi ot Z 1« . » 
i« _■ ^ or Bj in a Parr boiib at 4'e tr,r 

IS Binutes befor. releasing the pressur. , .f 
20 aswiya WM. aon. on 87 s i , P»=sure. luciferase 

volume Of abol ,s7 " °« « *ot.l 



25 



Injection 



OTL RLL IBL ua lu, ^^^^^^ 



Mock Si M 

25 ;,g DNA alone Vl'.t li s H'l l^'l ^O.l 19.8 

25 DNA alone 21.7 11 1 ll'l ^^'^ ^1.9 21.2 

250 pg DNA alone 21 7 23 2 H'l rZ . ^^'^ 21.5 

30 250 pg DNA alone 22 9 22*1 ll't ".6 22.0 



RDL 


RLL 


22.6 


22.4 


21.2 


21.5 


21.7 


21.4 


21.7 


23.2 


22.9 


22.5 


21.8 


21.5 


20.8 


22.2 


22.9 


22.0 


22.2 


23.8 


20.9 


20.9 


19.8 


20.0 


20.5 


20.5 


105.3 


77.1 


22.5 





21.3 



250 ,g_DNA alone 21.I H'.l ^ "iJ IH JJ'f 11'^ 



25pgDNA/CL 2S.8 ij.l JJl H't JP'^ 20.8 2^.7 

25 pg DNA/CL 22.9 22 0 25*? 22.3 22.0 

35 "pg DNA/CL 22.1 23.1 22*1 Hi H'l ' 22.18 

35 25 pg DNA/CL 20.9 20 9 20 9 121 ll'l ' 21.6 

25 /ig DNA/CL 19 o „ 20.6 20.3 - 19 3 

25,gDNA>CL soil 2S.I H'l ?M JS'J 

Luc Protein "'^ ^^'^ 19-9 19.9 19.3 

40 wiSjc'-"- J?fi'"-^ 98.7 80.0 86.3 89.6 178.9 

"rSi. iTo".t i"2orj?cr?/. Tnt^-^S.' ""i-"' « -9 
containing nly «at«: yi ite 22" 5 l!^!, '* «»=Ple 
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25 fig DNA al ne: represent BeB»f-»4-^ • , 

intratracheal Inject? of Ifla ot SSS^^ received 
sucrose. PPGKLuc in 0.3 ml 20% 

5 

Lipofactln" in 0.3^ SI mcmsS? ^'"PlM'ei with 

" ^ep.r"r?..?i'?^^-^.^-i«"i<=«' «a lu™, extracts 

20 in th. «,<* ho«ev«, in the 250 n- . 

ani»i.. three Ion, section. show«. si ^ll but rel^^^ 

underlined). ft^Ucete „say. on the s«.e J^]^ 
confirm the result. ^^ie^ ^ 
l«.inc»eter indicates that these values, aitho^ 
above baclcround, indicate real luciferase activitr^ 

^^"'^ ISSi^*'* ACTIVITY IB KOOSE LIVER 

OIKECTLY INJECTED WITH DMA PoSStIOBS 

The DBA luciferase «=pressio„ vector pPSKLuc was 

left liver lobe in »ice. ihe pPOKLuc DBA was either 
injected by itself ,4ao H, DBA in i.o ^ 20* sucroseT^r 
o„pl.„d „i^ upofectin- (SO DBA . ISO Upofecti:' 

left liver lobe was divided into two sections (a lower part 
Where the lobe was injected and an upper part of the Lt 
distant fro. the injection site, and assayed for luciferase 
activity a. described in the preceding examples. 



2S 



30 



35 



40 
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S5:r'S»^= Lucif.„se Activity (Light Units, u,, 

Upper 



23.8 



5 Blank (20.2 LU) 

C ntrol: 20% Sucrose Only 20 8 
50 ng pPGKLuc + Lipofectin 35*4 

50 PPGKLuc + Lipofectin Mtl ^^-^ 

,^ 50 /ig PPGKLuc + Lipofectin frt 21.4 

10 450 ^g PPGKLuc "^P®^*^^ "-J 22.7 

450 pg PPGKLuc 22*2 

450 ^g PPGKLuc tf^f 21.7 

^^•^ 20.8 
Two of the three animals that received 

" = r^r-: cri.:'i„- irt^-^« - 

^cti.^si.i«e„ti/...^..^-^^^^^^ 

20 "'""'^ luclferase activity tlJ 

Sl»il« rewlf h.v. b«„ obt.i„.a using pssvai 

EXAMPLE 18: EGRESSION OF GROWTH HORMOlffi GENE 
30 INJECTED INTO LIVER AND MUScS 

Mice were injected with the nYmc / ^ , 
Promote^growth hormone fusion ZTL^TI^'Z 

anV " e:3173.3179 (1S86„ i„ hoth Le' 

and muscle. The mice were placed on 76 »m , 

35 water i^n-o^ *-»,•, ^ sulfate 

water. larer the animals were hion »t,^ 4.w 

grcwu. .on.cne u.i„, JZ^Ts T ""^"^ 

*• Two Mice were injected with 20 „g of dxghs „ 

coMplexea With 60 of Upofectin in M suCe 'ol' 

Ml Of this solution was injected into the iiv« a:d T 

40 ventral and dorsal ahdo^inal ».scles were inje^t^wi^ Tl 

oiea. The serua f ono ^n^^^i . 

aevei. While that f Tth::i:itardr. = 
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horm ne. 



10 



15 



Anloal No. 



1 
2 
3 



Growth Hormone (ng/al) ; Day i 



BacJcgroundi 0.5 ng/al 



0.6 
0.8 
0.95 



Day 2 

0.6 
1.0 
0.8 



20 



25 



30 



35 



EXAMPLE 191 AKTIBODY PRODUCTION IN MICE DIRECTLY TW^ron^n 
WITH A GENE PGR AN IMMDN? Zl^ramSs ° 

Plas^d coijstruct consisting of the gp-120 gene, d^L„ * 
a cytomegalovirus (CM7) promoter. The dna was ini!l^ 

:iL\TT"^ "'^^"^ " "^^^ -ordin'o 

described in Example 11. House 5 (Fioure 5ai . • 

isotonic .ucrose. House 2 (Figure SB) was injecterwi^^ 
sucrose solution .Ion.. Blooa .«pi.s ..re <^rCprit 
to the miction ,D.y o, at U., tl,.es Inaicated on A^l 

" ^"^ »e™1^ 

ELlS* technique assay for the detection of antibody, usi^ 

ngur. 5. ih. study Indicates that the gene retains i^s 
oT ei~' excre 



Ih. c U ii„. BMB/c C1.7 (TIB 80) was btained fro» 
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the American Type Tissue culture c llectlon 

were transfected with the gp-120 a.n. ' 

^ "^Oe. ».i , ^. ^, ^^^r^ -ere 

' llposo^s <co„t.i„l„, oom .„a Ills „7 

»ol« ratio) were added to another 0 75 Ir^'lJ' 
■alxtures were eo«bli,«a and , . , OPtlMEM-. mi, 

<v/v, m.i.ovircau^tnd?e:"^""'^^' 

was poured into a 60 », piastiTjl. . solution 

" connuent cell. (.PP»l::"rone'' ! 1 ^trr ^ 

plate). At 3.2 hours a£t« n . I«» 

washed with OptW' L ^ "* t'"t.ent. 

With xo, ..tar:r .e^. "cr:.Tj" ""^"^ 

15 into ndce. Ko„se 12 TvL *" ^l*"*! (») 

t«u,s..cted cen^ ZTl^ZZ "^'^ «■« 
i-entlcal nu^r o. untr^.JLjlT. "'31^'''" " 
were obtaln«J prior to the Inlection 

tl... indicate, in s ^ 1"" ««• 

!0 processed as in the nrI~H< ■•»Pla» were 

-.tihodies w.r;d.tctr-^i::^- c.r - 

Two different DNA templates wo,-o ^ 
Which cod. tor the syr^^, 7^':'^^' ^ 

coii. /--galactosidase reported ,e^ the ^. 

» contains the Koza. consensus seance" was in1e« 

of the luciferase t^o^f-™ was inserted in place 

-Plate to ^reLn'. Xcr«°'t"v'='"=''=*» 

PEMCI.cz,s»„ te»plat. was »ad. »^ rX^T "'^ 
•"translated sequences of „,.7 "Pla="g the 5' ^-globin 

(HHCV) (pHSLVPO in Paries, c.^^ ;-P^»;^ooarditi. virus 
(1986). These EMC 5' untrans^at!! ' ' ' "'376-J84 
been sho«„ t be »i.l T ZltT P"»i»'»ly 

in r ticulo^ss lysr. „ T'"* *""^""«> ^- 
a lysat s. H demonstrated that these 
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sequences can also direct efficient translation „k 
transfected int fibr blasts in culture. ThHer-nt 
blue cells was slightly ^ter in cells ^ZI T'. °' 
uncapped HMCX.c.,«„ tban in cells rrrrt" 3 S 
5 the capped pEMCUcz^n »«. Transfecticn with lS» 
uncapped or capped pEMOacz^GA, m yielded .""T 
n»»ber of positive ^-galactosldase cells f 
With capped ,GIac.,a»n B». it his r'c^«v^ "°" 
that this «c 5- u„tr«»l.t.d s.,u«,ce 

vaccinia-rr poly.era =tors, cI inc^i' .r^^^^, Z 

" uncapped ^ , to 7-fold (Blroy-stein, o. IHl " 

sequences thus have the ability to dix«rt: . 
tra»,lation fro» uncapp«l ...senge^. •«lci.„t 

T7 POLMaaSE TR»HSCMmOH IH IMNSPectED CELL 

„™» f P"*^'"" containing T7 polymerase 

protein expressed off the SV40 pn»otor (Zn. 

ama 68: 259 (1988)) was co-lipof.ct.d wltt 
PEMCI-cZ,«n template »HA into 3T3 fi^rLieV^ 

- V frr^dr r*." t-^-iption can^ " 

!! "^^^ P^^^^i^^ co-lipofected with 

LTfenr " ^ - ^pl te."" 

3T3 cells. The nu^er of blue /5-galactosidase cells were 
counted and scored as indicated below. 
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^-gal 
teaplat 



^GLacZ^GAn 



Katio: template/ 
polymerase vector 



3:1 
1:3 



"co-Lipotectant" 

PSV-Gl-A pSVNU-Gl-A 



45 



50 




according to Example 13 t„ . , ^ Prepared 

vere .rom a solution" "mLr^ 3^" /f^^^^^^^ 

sucrose; injection volumes wereT , , f "'^"^ ^ 
eaC o. tne ^lateral paLTaX cor:e: \ "ZTtT 
»ouse. Tissue was assayed at iflhl ^"^ections per 
according to Example 13 u^ing^oo" i'r.rri:\'"'^"^ 
disrupted in a Parr bomb, and S7.5 ,1^3 T^'"''^' 
The results are as follows: 



Treatment 

Sham Injection 
^gLuc^gAj, 



Animal i.d. 

AMra 
AMrb 



Hemisphere: 
Left 



649 
1,734 



Right 

629 
1,911 



Treatment 



BgLuc^gAn 



Animal i.d. 



NRr 



Hemisphere: 

Right 



1,569 



963 



* Pla«.id containing the dystrophin gene under contr 1 
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Dystrophin iU.not».litl.. of ^ ^ "« 

» the »t«t »us. .train lacWngllT-ti^^hlT: 
(MDX i«,„e, jactaon labs) . bo,!!!!!^ 
dystrophin ... «„itor«. Sn.t=ti" rT'""' 

sections of quadrioeps .uscle from Inwt!, f 

3 the nuoresceno. pattern ^^^ZTlTlZT'"'' 

rw;^t•v^«l^ r. « ^*vcwi in normal animals 

.ofih:rTa.re":~r3^^^^^^^^ 

dystrophin repression i'. iJLe?™ ^ r^h; pT" 
> »e^rane of the musoXe fiher, so that aC TjlnZ 
Z.^tTZZri'J- ' — .encrt^e^^ 

^titaj. ^/::i;.^"rra^rr:;~— 

purified anti-eokd antibody. affinity 
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DSy''iN^«'5SrSSsSl^^ 2f CORRECTING DYSI1.0PHIN GENE 
MUSCULAR DYSTROpS: PATIENTS WITH DuSSnS^ 

5 Patients with auscular dystrophy are »u 

200 ug iniecti t,« «^ , . y^^ropny are given multiple 

Phosphate buffered saline. waie under lit, °' 
th. patient, ar. i„i«t.d at 5 « int"™i. i!." r'"""'" 

Mcpsi.. Of aoo-soo ™.=ie «n. f:^t ;.ecLr"°"' 

taken for histoi««i,<.i . injected area are 

structure and"m ^^f tr^. 

^Trat^ —tt.^— 

intercost./ .us^'e; Ttil' f ^ 

diaphraaa, are , 7 *">• 

'0 groups in ^Li^' \T "-^le 
^ in patients with muscular dvsti-««s« «w 

nt^costal. can be reached by injectiont^:;''^., 
as can the other skelei-ai 

.ccessed by a JZT^L^^^ T"^"- ^ 
direct injecuon of pias.ld DKA. *° 
5 There will be various uodificatl™. 4 

applications of tbe .isclos:d ^.^^rLT T 
apparent to those of skill in the art anf?. 
application is intended to ^ove^ ' ^ 

Although the present invention h s Teen .tcrC Tt' 
0 contejct of» /^tt^. • ''ccH aescriDed in the 

context of certain preferred embodiments i» * ^ 

that the full scope of these b. T intended 
4.U tnese be measured by reforonr.^ 4. 

the scope Of the following claims. reference to 
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^ 1. A pharmaceutical product, comprising: 

a notice associated with said container in ^« 

said form of said polynucleotide for human Z 
veterinary administration. ^ 
2. A pharmaceutical product, comprising: 

n^ed polynucleotide, operatively coding for a 

20 polypeptide; *° ^'^^^^ "id 

a container enclosing said solution; and 
a notice associated with said container in 
prescribed by a governmental agency regulatina T 
manufacture, use ^ "guiatxng the 

therapeutic effe^ ' '° Polypeptide has a 

5. A pharmaceutical product, c mprising: 

naked antisense polynucleotide, in s lutlon ^« 
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suitable for introduction tnterstltUUy Into . 
t cause cells of said tissue to 
polynucleotide and provide a therapeutic elLct"' 

p.esc:ir rrrii^ r^-r^- r 

OMUfacture, use, or sal. of the 

notice IS refleciive o" •p::or;^rr/r " 
..nufacture, ..j. " 'Wcy of 

" polynucleotide for hu^ ^nlsTratr °' 

«• A pharmaceutical product fr^y ' ^ 
muscular dystrophy, comprising: treatment of 

a sterile, pharmaceutical ly acceptable cam«.. 
a pharmaceutically effective amount of 7 ^ 
« polynucleotide operatively coding for 1 ! "^^^ 

said carrier; and dystrophin in 

a container enclosing said carrier- 

polynucleotide in sterile fashion 
7. The product of claim < 
20 polynucleotide is DNA therein said 

^.oi:;icaiirr::r^crid:«r a" • 

comprising: * vertebrate, 

a pharmaceutically effective amount of a n v . 
polynucleotide operatively codiTa / 
polypeptide; coding for said 



25 

polypeptide; 



a container enclosing said carrl«^ - ^ 
polynucleotide in a sterile fashion; aT ' '''' 

container to the interrti:!"^? a". 
Whereby cells of said tissue can III 
said polynucleotide. 

9. The product of ciai« o «u 

35 a syringe. ' ^^^^ container is 

10. The product of claim 8, wh rein i-k 
polynucleotide In said coital? "s^rt "rt " 
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microgrzuns. 

11. A phannac utical product for- t 
vert.br.te, co„prisi„,: " i™»nlzi„g , 

. Ph.r»ac.uticauy effective Mount of . „.ted 

. :crf.ror:r .ot.. 

means associated with a»iA ^ ^ 
- Pe»itti„, trans., o. said^^l^^^^^^^^^^ 

container to the interstitial space of a tlJ 
Whereby cells of said tissue can take ul an. ' 
said polynucleotide. ^'^'^^ 

12. The product of claim li, wherein 

15 is a syringe. wherein said container 

13. The product of claim ii, wherein *.k- 
micrograms. -least 5 

14. A pharmaceutical product, comprising: 

a pharmaceutically effective amount of naked 
antisense polynucleotide? 

a container enclosing said carrier and said 
polynucleotide in a sterile fashion; and 

25 permirrr' /"""^"'^ "'^^ "^^^ container for 

peraitting transfer of said polynucleotide from sail 
container to the interstitial space of a ti^' 
whereby cells tissue, 
reoy cells of said tissue can take ud said 
polynucleotide. ^ 

15. Use of naked polynucleotide ocerativow 
30 for . phy.iolo,icall, active pol^ti.e Zt^^^^^HZ 
Of a Pharmaceutical for introduction interstit^X into 

. .ar^-eut!::. rfrintiu^iit ^r^tir" 

Whereby .uecle c He produce «ia polypeptid " 
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17. Use according to Claim is 

is dystrophin said phar»ceutiix ^^'^^ 
muscular dystr phy. is f r treataent of 

5 pr f naked antisense polynucle tide i 

said vertebrate. i^o^ynucieotide in cells of 

vrfbrn. th.X Of: * « • 

introduoin, , pr.par.Won coBprl.i™ . 

«d a nalcd polynaoLotid. operativ.ly coding!! 
said poXypaptide into the intaratin.; 
tissue oo^risin, .aid c.^^:!^" ^Tnl^el 
polynucleotide is t«ten up into ^ ,T 
said cli and has .„ . 

.-™=oio,io.i .„.or:„ ^^d vXr " - 
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